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ABSTRACT 
Volcanic ash deposits are well-preserved, and often 
spectacularly exposed, in Quaternary sediments throughout south 
central Idaho. Extensive downcutting along portions of the East 
Fork of the Salmon River drainage has produced numerous exposures 
of previously unidentified tephra in alluvial, valley-side fan, 
and lacustrine sediment. 
Detailed characterization of volcanic ash samples was 
undertaken to define the tephrastratigraphy of a small region 
surrounding the White Cloud Peaks and Boulder Mountains of south 
central Idaho. Thirty-three ash horizons, collected from 
twenty-three sites, were petrographically characterized and 
correlated to reference samples of identified Cascade Range 
tephras. Geochemical analysis of selected samples, radiocarbon 
age determinations of associated organic sediment, and the 
relative stratigraphic position of multiple ash units provide 
additional control on the age and origin of the samples, and 
further support the petrographic correlations. 
A total of four Cascade Range volcanic ash units are 
identified in the study area, including; Mt. St. Helens - Set S 
(13,600-13,100 yrs. B.P.), Glacier Peak- Set B (~11,250 yrs. 
B.P.), Mt. Mazama ~~6,700 yrs. B.P.), and Mt. St. Helens - Set Ye 
(~4,350 yrs B.P.). 
The identified tephra horizons serve as useful time 
stratigraphic marker horizons for dating late Pleistocene and 
1 
Holocene events. Tephrastratigraphic relations are applied, along 
with field mapping, aerial photo interpretation, and mathematical 
modeling of glacial flow regimes, to 1) constrain the timing of 
the 'Pinedale' - age glacial maximum in the Boulder Mountain 
uplands, 2) to define a minimum age for retreat of the 'Pinedale' 
ice mass in Pole Creek, and 3) for paleo-environmental 
reconstruction of pro-glacial lake levels in the East Fork of the 
Salmon River and Lower Big Boulder Canyon. 
2 
INTRODUCTION 
Objectives 
Numerous natural and man-made exposures of unidentified 
tephra deposits afforded a unique opportunity to investigate the 
regional tephrastratigraphy in a small area of the White Cloud 
Peaks and Boulder Mountains of south central Idaho. 
The objectives of the study were: 
1. to determine the number of tephra falls in the White Cloud 
Peaks area, 
2. to petrographically, geochemically, and granulometrically 
characterize each tephra unit, 
3. to correlate each tephra with its source vent in the 
Pacific Northwest. As many cascade eruptions are of known 'age, 
correlation also establishes the age of the sampled tephra. 
The study consisted of two phases. The first phase included 
four weeks of reconnaissance mapping and tephra sampling in the 
White Cloud Peaks, followed by granulometric analyses and 
preliminary petrographic and geochemical characterization. Phase 
two involved an additional seven weeks of field mapping and 
stratigraphic sampling in both the White Cloud Peaks and Boulder 
Mountains, followed by detailed petrographic analyses of sampled 
tephra horizons along with characterization of Cascade Range 
volcanic ash reference samples. 
3 
The location of the White Cloud Peaks - Boulder Mountain 
study area is shown in Figure 1. Reconnaissance mapping and 
sampling of tephra layers was carried out in four major drainage 
systems; Slate Creek, the East Fork of the Salmon River, Germania 
Creek, and Pole Creek. 
The East Fork of the Salmon River and its tributaries are 
flanked on the west by the White Cloud Peaks, one of the highest 
ranges in south-central Idaho, and to the southwest by the Boulder 
Mountains. Range crests, forming a nearly continuous chain, 
generally exceed 3050 m (10,000 ft); maximum topographic relief is 
approximately 1400 m (4,500 ft). Summit peaks approach 3650 m 
(12,000 ft) in rare instances, notably Castle Peak (elevation 3605 
m/ 11,830 ft). Both the White Cloud Peaks and Boulder Mountains 
have been extensively modified by glacial activity and classic 
glacial landforms such as cirques, aretes, cols, and 
ice-disintegration features abound. 
The deeply incised, U-shaped valleys of Pole Creek and its 
tributaries form a notable topographic break in the White Cloud 
Peaks - Boulder Mountain Chain and allow limited vehicular access 
to the Boulder Mountain Uplands. Access to the White Cloud Peaks 
is along unpaved, but well-maintained roads, which extend up Big 
Boulder and Jim Creek Canyons to the crest of Railroad Ridge, at 
3200 m (10,500 ft). 
4 
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Figure 1. Location of the White Cloud Peaks - Boulder Mountain 
study area. 
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Bedrock and Surficial Geology 
The bedrock geology and surficial deposits of the White Cloud 
Peaks - Boulder Mountain Region were first mapped and described by 
Ross and others (1937). Mapping and redefinition of the bedrock 
stratigraphy and structural relations is currently in progress 
(Hall, Hobbs, and Skipp, U.S. Geological Survey; personal 
communication). 
Three principal bedrock types, each consisting of several 
individual stratigraphic units, are exposed in the region. They 
are: 
1. Upper Paleozoic argillaceous and carbonaceous quartzite, 
locally interbedded with limestone, dolomite and conglomerate. 
2. Mesozoic intrusives, consisting of quartz monzonite (the 
'White Cloud Peaks Stock') along with widely scattered, satellitic 
bodies of quartz diorite and aplite. 
3. Cenozoic basalt, andesite, and rhyolite of the Challis 
volcanic group. 
Surficial deposits of the White Cloud Peaks - Boulder 
Mountain Region are only partially mapped in detail. Ross and 
others (1937) and Williams (1961) mapped and described valley 
glacial deposits in the Stanley Basin, but no attempt was made to 
map deposits or define ice limits in the adjacent Boulder 
Mountains. Lehigh University staff and students have remapped 
portions of the Stanley Basin through field reconnaissance and 
air-photo interpretation (Evenson and Stewart, unpublished field 
6 
map), along with landsat imagery (Clinch, personal communication). 
The surficial geology of the White Cloud Peaks Region has been 
studied by Zigmont (1982), who defined the distribution and 
provenance of valley glacial deposits, and inferred relative age 
relations and glacial limits from mathematical modeling of 
reconstructed ice masses. Gawarecki (1982), in a related study, 
mapped the distribution of the 'Railroad Ridge', ridge-top gravels 
(Ross, 1937) which cap many of the high divides in the White Cloud 
Peaks. 
BACKGROUND 
Tephra stratigraphy 
Tephra is that assortment of volcanic fragments, ranging in 
size .from large blocks to microscopic dust, which are ejected and 
transported through air during a volcanic eruption (Thorarinsson, 
1974). Volcanic ash is restricted to those fragments less than 
two millimeters (.0078 in/2.5 ~) in diameter. 
Tephra consists of glass, mineral, and rock fragments 
combined in variable proportions. Glass shard composition and 
mineral assemblages tend to vary regionally (Kittleman, 1980), 
therefore, the mineral assemblage of a given tephra deposit can be 
used as an indicator of regional source area. Despite these gross 
regional similarities, tephra derived from individual volcanic 
vents generally display an assortment of distinctive 
characteristics (petrology, geochemistry, color, etc.) that can be 
7 
correlated between distant exposures. Thus, a characterized 
tephra horizon represents a unique lithostratigraphic unit 
(American Commission on Stratigraphic Nomenclature, 1956; 1970). 
It is this variation that helps to differentiate one tephra unit 
from another, and which permits identification of isolated, 
unidentified tephra by correlation to known deposits. 
Volcanic eruptions occur over a comparatively short time 
interval; therefore, the eruptive products, where located and 
identified in a stratigraphic section, represent true 
time-stratigraphic marker horizons (American Commission on 
Stratigraphic Nomenclature, 1956; 1970). A tephra deposit can be 
constrained in time by; 1) stratigraphic relation to bracketing 
sediments, 2) radiometric dating of associated organics, or 3) 
correlation with an equivalent, dated tephra unit. 
Both large- (regional) and small-scale (local) volcanic 
events are preserved as discrete tephra horizons proximal to the 
source vent. The study of the physical properties of proximal 
tephra deposits, in conjunction with relative and absolute age 
determinations, has fostered the construction of detailed eruptive 
chronologies for individual volcanoes. As the tephra fallout from 
a single volcanic eruption may cover thousands of square 
kilometers, a locally characterized unit may also constitute a 
potentially useful stratigraphic marker horizon for regional 
studies. The eruptive chronologies of individual volcanoes can be 
integrated into a single, regional eruptive chronology by 
8 
determination of the relative stratigraphic position of local 
tephra horizons in relation to identified regional marker horizons 
(Figure 2). 
The widespread occurrence of Cascade tephra associated with 
quaternary sediments in the Pacific Northwest has helped define 
the timing of geologic events, including; deglaciation in the 
Puget Lowland (Mullineaux, et al., 1981) and Cascade Range 
(Porter, 1976), and flooding in the channeled scablands of central 
Washington (Mullineaux, et al., 1981). The Cascade Range, located 
approximately 550 km (350 mi.) west of the White Cloud Peaks -
Boulder Mountain study area, has remained a prolific tephra source 
for more than 40,000 years and is the most likely source area for 
tephra found in south central Idaho. 
Volcanic Activity in the Pacific Northwest 
The Cascade Range strato-volcanoes, forming a mountainous 
chain which extends from northern Washington through Oregon 
(Figure 1), have erupted frequently and often violently during the 
Quaternary, and have long been recognized as the source of 
multiple tephra layers in the Pacific Northwest (Hansen, 1947; 
9 
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Waters, 1959). Crandell and others (1962) and Mullineaux (1974) 
have documented no fewer than 25 tephra horizons in Mt. Rainier 
National Park alone. Early workers, however, did not assign 
deposits to a specific volcanic source vent. Identification of 
individual Cascade tephra units and sources began with the 
definition of petrographic properties and age relations of two 
widespread units, the Glacier Peak and Mazama Tephras (Powers and 
Wilcox, 1964; Wilcox, 1965). Distinguishing criteria included the 
mean and range of the refractive index of glass, along with the 
ferromagnesian (Fe-Mg) mineral assemblage. 
A detailed chronology of quaternary volcanic activity in the 
Cascade Range has been constructed through stratigraphic sampling 
(Mullineaux, 1974; Westgate, 1977; Blinman, et al., 1975), study 
of tephra distribution and source vent determination (Lemke, et 
al., 1975; Mehringer, et al., 1977; Porter, 1978), and application 
of petrologic and geochemical correlation techniques (Smith and 
Westgate, 1969; Smith, et al., 1977; Westgate and Evans, 1978). 
The eruptive history of three major tephra producing volcanoes, 
Glacier Peak, Mt. St. Helens, and Mount Mazama - is detailed 
below. 
Glacier Peak 
Smith and Westgate (1969) pioneered the identification of 
volcanic glass separates based upon chemical composition, and, 
from preliminary analyses, suggested the presence of multiple 
11 
tephra units derived from Glacier Peak in northwestern Washington. 
Smith and others (1977) recognized three major, late Pleistocene 
ash beds at the source volcano - the 'Upper', 'Middle', and 
'Lower' units; while Porter (1978) defined seven late Pleistocene 
tephra layers, designated, from oldest to youngest- G, N, F, C, 
M, T, and B. Near Glacier Peak, layers B and G are up to two 
meters (6.6 ft) thick (Beget, 1981). Layer G is dated at 12,750 
+/- 350 yrs. B.P. (W-1644, C-14 on mollusc shells; Mudge, 1967); 
layer B was deposited prior to 11,300 +/- 230 yrs. B.P. (WSU-1554, 
C-14 on clayey gyttja; Mehringer, et al., 1977). Two Holocene-age 
Glacier Peak tephras are defined and characterized by Beget 
(1980), who noted that both layers D (6700-5100 yrs. B.P.) and A 
(3400-300 yrs. B.P.) "are of very local extent ... occurring as 
only thin layers proximal to Glacier Peak". 
Characteristics of tephra layers derived from Glacier Peak -
including local thickness, Fe-Mg phenocryst suite, refractive 
index of glass, direction of plume axis, and inferred age - are 
compiled in Table 1. The approximate fall out zone of regional 
units - layers B and G - are plotted in Figure 3. Layer B has 
been identified at numerous sites to the east and southeast of 
Glacier Peak, including Lost Trail Pass Bog, Idaho (associated 
with clayey gyttja and fresh water mollusc shells; Mehringer, et 
al., 1977), at the Bison Cave archeological site, Birch Creek 
12 
TABLE 1. Published Characteristics of Glacier Peak Tephra (1) 
AGE(2) Fe-Mg(3) GLASS PLUME AXIS THICKNESS-em 
SET (YRS B.P.) PHENOCRYSTS REF. INDEX DIRECTION (AT G.P.) 
A > 300 HY,OX,HB 1.494-1.500 NE 6-10 
<3400 
D >5100 HB,HY 1. 496-1.500 S80E 5-15 
<6700 
B 11 ,300±230 HY,HB 1.501-1.508 S65E 200 
N,F,C >11 '750 HY,HB 1. 496-1.508 SE 50-75 
M,T <12,500 
....... 
G 12,750±350 HY,HB 1.496-1.504 S85E 200-300 
w 
(1) After Beget, 1980 
(2) Years Before 1950 
(3) BY-hypersthene; HE-hornblende; OX-oxyhornblende 
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Figure 3. Distribution of Glacier Peak - Sets B and G tephra 
(after Westgate, 1978). 
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Valley, Idaho (Fryxell, 1965), and at Cub Creek Pond, Yellowstone 
National Park, Wyoming (Waddington and Wright, 1974; Westgate and 
Evans, 1978). Tephra Set G has been located only to the 
north-northeast of Glacier Peak in northern Washington and 
southern British Columbia. 
Mt. St. Helens 
Prior to its violent re-awakening in March 1980, Mt. St. 
Helens was more widely regarded for its scenic beauty than for its 
destructive potential. In light of recent events, however, the 
prediction of U.S. Geological Survey researchers reads like 
prophecy: 
"Although dorman since 1857, St. Helens will 
erupt again, perhaps before the end of this 
century" (Crandell and Mullineaux, 1975). 
In appraising the volcanic hazards of Mt. St. Helens, Crandell and 
Mullineaux (1975) and Mullineaux and others (1975) documented 
intermittent, but prolific, eruptions of tephra spanning a time 
period of more than 35,000 years. Multiple tephra layers are 
grouped into individual tephra sets based upon the characteristic 
Fe-Mg phenocryst suite and refractive index of glass shards. Four 
tephra sets (designated- from oldest to youngest - S, J, Y, and 
W), comprising no less than 27 individual tephra layers, form 
thick marker beds over large areas of the Pacific Northwest. 
SetS tephra (13,100-13,650 yrs. B.P.) has been identified in 
all directions away from Mt. St. Helens, although the thickest 
15 
deposits are found east and east-northeast of the volcano 
(Mullineaux, et al., 1975). The most voluminous layers of the 
set, Sg and So, are known to extend for considerable distances 
from the source, and have been identified in parts of eastern 
Washington (Moody, 1978; Figure 2), over 350 km (200 miles) from 
Mt. St. Helens. 
Tephra Set J (8700-11,700 yrs. B.P.) is thickest in the 
quadrant extending from northeast to southeast of the source 
(Mullineaux, et al., 1975) and, like tephra SetS, is well 
preserved in parts of eastern Washington, more than 350 km (200 
miles) from Mt. St. Helens (Moody, 1978). 
Tephra Set Y (3350-5310 yrs. B.P.), the thickest and coarsest 
of the late glacial and post-glacial tephras from Mt. St. Helens, 
consists of no less than twelve discrete pumice and ash layers 
(Mullineaux, et al., 1975). Two of these layers, Yn and Ye, have 
been identified hundreds of kilometers from the source in British 
Columbia (Fulton and Armstrong,. 1965), Alberta (Westgate, et al., 
1970), eastern Washington (Blinman, et al., 1979), and 
northeastern Oregon (Norgren, et al., 1970; Borchurt, et al., 
1973; Figure 4). 
The youngest tephra set which forms significant exposures 
over large areas of the Pacific Northwest, Set W, consists of at 
16 
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Figure 4. Distribution of Mt. St. Helens - Sets Yn and Ye 
tephra (after Mullineaux, et al., 1975). 
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least six lapilli, pumice, and ash layers in the vicinity of Mt. 
St. Helens (Mullineaux, et al., 1975). Set W tephra is found 
throughout eastern and northeastern Washington, commonly as a 
thin, white ash bed overlying thick, white to yellowish-brown 
deposits of Mt. St. Helens-Set Y. 
Table 2 lists the Fe-Mg phenocryst suite, mean refractive 
index of glass, plume axis direction, and approximate radiocarbon 
age of the most extensive late glacial and post-glacial tephra 
sets from Mt. St. Helens. 
Mt. Mazama 
The cataclysmic eruption of Mt. Mazama, which created the 
collapsed caldera of Crater Lake, Oregon produced immense 
quantities of tephra. Approximately 30 cubic kilometers (7.3 
cubic miles; Kittleman, 1979) of tephra fragments were dispersed 
across 900,000 square kilometers (352,000 square miles; Fryxell, 
1965). No recent volcanic event in the Cascades matches the 
eruption of Mt. Mazama in either total volume or aerial 
distribution of ejected material (Figure 5). Centimater thick 
layers are found more than 700 kilometers (450 miles) from the 
source vent (Mehringer, et al., 1977). Distal deposits have also 
been identified from southern British Columbia, central Montana, 
and western Wyoming (Borchurt, et al., 1970). Radiocarbon dates 
18 
TABLE 2 - Published Characteristics of Mt. St. Helens Tephra (1) 
AGE (2) Fe-Mg (3) GLASS PLUME AXIS THICKNESS-em 
SET (YRS B.P.) PHENOCRYSTS REF. INDEX DIRECTION (at M.S.H.) 
We ~ 450 HY,HB 1.496 S85E 50 
Wn <-1.150 HY,HB 1.494 N35E 100+ 
Ye > 3350 CU,HB,BIO 1.502 S80E 35 
Yn < 3510 CU,HB 1.504 N30E 100+ 
Jb > 8700 HY,HB 1.505 NE-SE 80-100 
Jy < 11,700 HY,HB 1.505 NE-SE 80-100 
> 12,100 
So < 13' 100 CU,HB,HY 1.500 NE-SE 10-20 
Sg > 13,650 CU,HB,HY 1.501 NE-SE 25-50 
1. modified after Mullineaux, et al., 1975 
2. years before 1950 
3. Hy-hypersthene; HE-hornblende; CU-cummingtonite; BID-biotite 
19 
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on charred wood associated with the ash near Mt. Mazama place the 
age of the eruption at 6600 yrs. B.P. (Rigg and Gould, 1957). 
Blinman and others (1979) conducted detailed stratigraphic 
analyses of Mazama ash and pollen samples collected from bog 
sediments at Lost Trail Pass, Montana (Figure 2). Their studies 
indicate that Mt. Mazama erupted twice in 150 years, depositing 
two primary ash layers, along with numerous reworked layers. The 
relative phenocryst abundance varies from lamina to lamina, 
reflecting both a minor change in magmatic products between the 
two eruptions and a progressive winnowing of heavy mineral species 
during transport and re-deposition of primary airfall material. 
The change in magmatic composition is also reflected in the change 
of mean refractive index of glass from 1.508 to 1.505 in the lower 
and upper layers, respectively. 
Summary 
Table 3 is a compilation of Fe-Mg phenocryst suite, mean 
refractive indices of glass, plume axis direction, and radiometric 
ages for the major tephra units of the Northern Cascade Range. 
These units are the most likely correlatives for the tephra 
deposits found in the White Cloud Peaks - Boulder Mountain study 
area and comprise the data base to which both the Cascade Range 
reference suite and central Idaho samples will be compared. 
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TABLE 3. Published Characteristics of Major Cascade Tephra Units (1) 
SOURCE(2) AGE(3) Fe-Mg(4) GLASS PLUME AXIS THICKNESS-em 
& SET (YRS B.P.) PHENOCRYSTS REF. INDEX DIRECTION (AT SOURCE) 
MSH We > 450 HY,HB 1.496 S85E so 
MSH Wn < 1150 HY,HB 1.494 N35E 100+ 
MSH Ye > 3350 CU,HB,BIO 1.502 S80E 35 
MSH Yn < 3510 CU,HB 1.504 N30E 100+ 
MAZAMA 6600 HB,HY,AU 1.508/1.505 NNE-SSE 100+ 
MSH Jb > 8700 HY,HB 1.505 NE-SE 80-100 
N 
N MSH Jy < 11,700 HY,HB 1.505 NE-SE 80-100 
> 12,100 
G.P. B > 11,250 HY,HB 1.500 S6SE 200 
G.P. G < 12,650 HY,HB 1.499 S85E 200-300 
MSH So < 13, 100 CU,HB,HY 1.501 NE-SE 10-20 
MSH Sg > 13,650 CU,HB,HY 1.501 NE-SE 25-50 
(1) After Powers & Wilcox, 1964; Mullineaux, et al., 1975; Mehringer, et al., 1979; Beget, 1980 
(2) MSH - Mt. St. Helens; G.P. - Glacier Peak 
(3) Years Before 1950 
(4) MY-hypersthene; HB-hornblende; CU-cummingtonite; BIG-biotite; AU-augite 
EXPERIMENTAL NETHODS 
Sampling and Laboratory Preparation 
Fine-grained tephra deposits were recovered both from 1) 
surface exposures and 2) from sub-surface core samples. Volcanic 
ash beds were located, described, and sampled at 23 sites in the 
White Cloud Peaks -Boulder Mountain study area (Figure 6). Where 
located in stream- and road-cuts, on-site characterization 
included color, horizontal extent, depth below surface, bracketing 
sediments (sediment type, grain size, and sorting estimates), and 
nature of upper and lower contacts. Sample sites were 
photographed and carefully scrutinized for organic material 
suitable for radiocarbon age determinations. 
The 24 volcanic ashes sampled from 21 stream- and road-cuts 
were most commonly contained within poorly sorted colluvium, or 
alluvial deposits. Depths from the surface to the top of the 
sampled horizon ranged from 0.2 m to 4.3 m (0.5- 14ft). Tephra 
units are present both as 1) horizontally continuous beds with 
planar upper and lower contacts, and 2) discontinuous lenses. 
Unit thickness is variable, ranging from .03 m to 1.1 m (0.1 - 3.5 
ft). Detailed descriptions of location, color, bracketing 
sediment, depth to sampled ash horizon, unit thickness and 
observed horizontal extent are compiled in Appendix 1. 
In an attempt to obtain a complete post-glacial tephra-
23 
0 SCALE 4km 
Figure 6. Locations of volcanic ash deposits collected from 
stream and road-cuts in the study area. 
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chrologic record of the region, sediment was collected from bogs 
and lakes which formed during, or soon after, the "last major 
phase of glaciation" (Zigmont, 1982) in the White Cloud Peaks -
Boulder Mountain region. Cores were collected from seven sites 
(Figure 7) using hand operated, Davis-type coring devices. 
Sediment recovery was poor in each of the five bogs and lakes 
cored during the summer of 1980, using a small - 2.5 em diameter, 
13 em long (1 x 5 inch) coring device. A complete, detailed 
record of post-glacial ashfalls could not be constructed from the 
partial core segments; however, the presence of tephra within 
sampled lacustrine sediments was confirmed. 
Two core sections collected in late August, 1981 - using a 
longer, 25 em (10 inch) core barrel - yielded a nearly complete 
sedimentary sequence. The uppermost 0.4 to 0.5 m (1.3 - 1.6 ft) 
of unconsolidated sediment was not recovered at either site. 
Cores were collected from 1) a moraine-dammed bog in Slate Creek 
(Figure 7; site designation, SC811), and 2) a shallow kettle lake 
situated near Pole Creek in the Upper Stanley Basin (Figure 7; 
site designation PC813). 
In the laboratory, core segments were removed from test tubes 
and faced to remove the distorted sediment from the outer surface 
of the core. The unditurbed sediment was then examined, 
photographed, and described. Included in the descriptions were; 
color, grain size, organic content, and nature of upper and lower 
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Figure 7. Locations of bog and lake core sites in the study 
area. 
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contacts (sharp, diffuse, planar, etc.). Suspected tephra 
horizons were sampled and retained for further cleaning and 
analysis. The remaining sediment was refrigerated for later 
radiocarbon and pollen analysis. 
Tephra samples collected from surface outcrops were passed 
through a 1.0 phi (1000-500 ~m) dry sieve to remove any large, 
locally-derived rock fragments prior to cleaning and analysis. 
All samples were treated with 0.01 N NaHOCl to remove organics and 
0. 01 N HCl for removal of calcium car·oonate, as described by 
Steen-Mcintyre (1977). Ultrasonic cleaning, which tends to remove 
the delicate glass sheaths from Fe-Mg phenocrysts was performed 
only on sample splits intended for microprobe analysis. Cleaned 
samples were then washed in distilled water and air dried at 80°C. 
Complete size analyses (after Jackson, 1976) were performed 
on seven tephra samples (SRC-1, RC-1, EF-11b, EF-1, SC-7, BBC-1, 
BBC-3, and SpC-2) collected from fan exposures. All other samples 
were dry sieved only, in preparation for petrographic character-
ization. Three phi (250-125 urn) and four phi (125-63 urn) sample 
splits from each ash horizon were mounted in Preservaslide 
(N=1.523) and retained for permanent reference at Lehigh 
University. 
Petrographic Characterization 
Petrographic characterization involved 1) quantitative 
assessment of Fe-Mg mineral suites and 2) determination of the 
27 
refractive index of glass shards. The cleaned and sized four phi 
sample splits were mounted in cargille refractive index oils and 
examined at 400x using a Leitz petrographic microscope. 
Fe-Mg mineral proportions were determined by counting and 
identifying one to 300 Fe-Mg mineral grains per sample in 1.640 
oil mounts. Identified mineral types include; hornblende, 
hypersthene, augite, mica, cummingtonite, and Fe-Ti oxides. 
The refractive index of the glass shards was determined using 
the central masking technique of Cherkavak (in McCrone, et al., 
1967), as described by Steen-Mcintyre (1977). The mean and range 
of the refractive index of glass shards varies as 1) a function of 
glass chemistry (Huber and Rinehart, 1966), and 2) degree of 
hydration (Steen-Mcintyre, 1979). Huber and Rinehart (1966) have 
shown that the index of refraction of glass increases as silica 
content decreases. The silica content of volcanic glasses is u 
function of magma composition; thus, the refractive index of 
volcanic glasses is a reflection of the chemistry of the parent 
magma at the time of eruption. Hydration, the incorporation of 
water in the glass during weathering, tends to increase the 
refractive index of volcanic glasses over time. Steen-Mcintyre 
has shown that the refractive index in single glass shards is 
indicative of the extent of hydration, and therefore, the age of 
the deposit. Newly-formed glass shards have a single value for 
refractive index, representing non-hydrated glass. Holocene ash 
older than approximately one thousand years exhibits partial 
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hydration and each shard has a wide range of refractive index; the 
lower end representing the non-hydrated glass and the upper end 
representing the hydrated glass. Shards of Pleistocene age, in 
general, have a single uniform refractive index value representing 
hydrated glass. 
Determination of the index of refraction of glass shards 
involved mounting four phi sample fractions of each tephra in 
Cargille refractive index oils at intervals of N = 0.004, over a 
range of N = 1.488 toN= 1.516. One hundred glass shards were 
examined per oil mount. The refractive index of each shard was 
denoted as either below, match, or above the index of refraction 
of the oil. The refractive index range is defined by the highest 
and lowest index oils in which the refractive index of at least 
one shard matched. Mean refractive index is determined by 
calculating the sum of the weighted average of glass shards with a 
matching index for each interval, divided by the total number of 
shards. 
N = N(1) * R.I.(1) + N(2) * R.I.(1) + .... N(X) * R.I.(X) 
N 
where: N = mean refractive index 
N(1,2, ... X) =#of glass shards matched 
R.I.(1,2, ... X) =refractive index value 
N = total # shards 
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Microprobe Analysis 
Geochemical analysis of volcanic glass separates has been 
successfully utilized as a discriminating parameter for the 
characterization and correlation of unidentified tephra deposits 
throughout the Pacific Northwest (Smith and Westgate, 1969; Smith, 
et al., 1977; Mullineaux, et al., 1978). Glass geochemistry was 
sought to provide an independent check on the petrographic 
correlation of White Cloud Peak - Boulder Mountain tephra samples 
with those from the Cascade Range. Glass shard separates from 
five tephra exposures (SRC-1, EF-1, EF-llb, BBC-1, and SpC-2) were 
analyzed using the electron microprobe at the Bureau of Mines and 
Geology in Moscow, Idaho. An additional 15 volcanic ash samples 
(BAl, CAl, CA2, EAl, EA2, IAl, MAl, Sl, UAl, VAl, VA2, and WAl-4), 
from two core sites (SC-811 and PC-813), were selected and 
prepared for microprobe analysis at Lehigh University. 
The cleaned, four phi fraction of each sample was placed in a 
tetrabromoethane-dimethylformamide solution (specific gravity = 
2.40) and centrifuged for thirty minutes, separating the buoyant 
glass shards from the heavy mineral phenocrysts. Density 
separates were collected, washed in acetone, and air dried at 
80°C. Permanent reference slides were prepared, using a fraction 
of each sample separate mounted in Preservaslide (N = 1.523). The 
light-weight density separates, consisting of glass shards without 
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attached phenocrysts, were mounted in fiber ring molds using epoxy 
resin. The ring mold mounts were polished and dessicated in 
preparation for major element analysis using the electron 
microprobe. 
NOTE: Geochemical analysis of the prepared samples was 
not possible due to the untimely mechanical 
failure of the ARL-600 electron microprobe at 
Lehigh University. 
RESULTS 
Cascade Range Reference Suite 
Seventeen identified tephra samples, derived from nine of the 
most widely dispersed late Pleistocene and Holocene volcanic 
eruptions in the Cascade Range, comprise the data set for 
correlation and identification of the volcanic ash samples 
collected in the White Cloud Peaks - Boulder Mountain study area. 
The results of petrographic characterization are presented in 
Table 4. All reference samples contain hornblende, mica, Fe-Ti 
oxides, and -with the exception of Sets Yn, Kd, and C -
hypersthene. The distinctive amphibole, cummingtonite, is found 
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TABLE 4. Petrographic Characteristics of Cascade Range 
Volcanic Ash Reference Samples 
R.I. GLASS R.I. R.I. HEAVY MINERAL SUITE-%(2) 
SAMPLE(l) MEAN RANGE SET HB HY AU MICA OP cu 
MSH-Wn 1.494 1.488-1.500 1 30 17 4 2 47 
MSH-We 1.494 1.492-1.496 1 7 27 10 5 52 
MSH-Cy 1.498 1.492-1.500 2 48 5 20 26 
MSH-Cw 1.498 1.492-1.496 2 40 6 8 47 
MSH-So 1.501 1. 500-1.504 3 30 29 3 35 4 
MSH-Sg 1.500 1.500-1.504 3 53 2 5 20 20 
MSH-Sg2 1.500 1. 500-1.504 3 51 2 1 30 15 
MSH-Kd 1.501 1. 496-1.504 3 24 10 24 42 
MSH-Mp 1.500 1. 496-1.500 3 64 5 2 19 10 
G.P.-B 1.500 1.496-1.500 3 68 17 1 14 
G.P.-G 1.500 1. 496-1.500 3 40 36 2 1 21 
G.P.-Yn 1.504 1.496-1.504 4 53 1 36 4 
G.P.-Ye 1.503 1. 496-1.500 4 31 1 22 36 10 
G.P.-Jb 1.504 1.500-1.508 4 42 42 2 13 2 
G.P.-Jy 1.503 1.496-1.508 4 37 27 34 2 
MAZAMA-I 1.508 1.504-1.508 5 so 12 12 5 21 
MAZAMA-2 1.507 1.504-1.508 5 38 35 15 3 9 
(1) MSH - Mt. St. Helens; G.P. - Glacier Peak 
(2) HY-hypersthene; HE-hornblende; CU-cummingtonite; 
MICA-biotite; AU-augite; OP-FeTi oxides 
~-
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in all samples derived from Mt. St. Helens, excepting Set W which 
contains the mineral augite. Augite is common in both Mt. Mazama 
reference samples, and sparse to absent in Glacier Peak samples. 
No sample examined contains both augite and cummingtonite; 
therefore, samples can be simply grouped based upon the presence 
or absence of these two minerals. 
The two groups of reference samples - 1) those containing 
augite and 2) those containing cummingtonite - can be further 
subdivided, based upon the relative abundance of hornblende/ 
hypersthene/augite or hornblende/hypersthene/cummingtonite. 
Calculated Hb/Hy/Au and Hb/Hy/Cu proportions are compiled in Table 
5. 
Hornblende/hypersthene/augite proportions ·are plotted in 
Figure 8 for Mt. Mazama (two samples), Mt. St. Helens -Sets Wn 
and We, and Glacier Peak - Sets G and B. With the exception of 
Mt. St. Helens - Set We, which contains sparse hornblende (16%) 
and abundant hypersthene (61%), all samples contain abundant 
hornblende (43-80%) and sparse to common hypersthene (16-46%). 
Mt. Mazama and Glacier Peak samples are differentiated from one 
another on the basis of augite abundance. Augite is absent or 
rare (0-3%) in Glacier Peak samples (G.P.-B and G) and sparse 
(16-17%) in both Mt. Mazama samples examined (Mazama 1 and 2). 
Figure 9 illustrates the hornblende/hypersthene/cummingtonite 
proportions for cummingtonite-bearing reference samples sourced 
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TABLE 5. Fe-Mg Mineral Proportions of Cascade Range 
Volcanic Ash Reference Samples 
SAMPLE(1) HB/HY/AU(2) 
Mazama-1 68/16/16 
MAZANA-2 43/43/17 
G.P.-B 80/20/00 
G.P.-G 51/46/03 
MSH-Wn 59/33/08 
MSH-We 16/61/23 
MSH-Yn 
MSH-Ye 
MSH-Sg 
MSH-Sg2 
MSH-Mp 
MSH-Cy 
MSH-Jb 
MSH-Jy 
MSH-So 
MSH-Kd 
MSH-Cw 
(1) MSH - Mt. St. Helens; G.P. - Glacier Peak 
HB/HY/CU(2) 
93/00/07 
74/02/24 
71/03/27 
75/03/22 
81/06/13 
65/00/35 
49/49/02 
56/41/03 
48/46/06 
36/00/64 
46/00/54 
(2) HY-Hypersthene; HE-Hornblende; CU-Cummingtonite; AU-Augite 
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·, 
Figure 9. Hornblende/ 
hypersthene/cummingtonite 
proportions of cummingtonite-
bearing Cascade Range tephras. 
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Figure 8. Hornblende/ 
hypersthene/augite 
proportions of non-cumming-
tonite-bearing Cascade 
Range tephras. 
from Mt. St. Helens. The samples plot in three primary groups 
based upon Fe-Mg mineral proportions (see also Table 5); 
1) hornblende- abundant (65-82%), cummingtonite- sparse to 
common (13-30%) hypersthene- sparse (10%): units Yn, Ye, Sg, Mp, 
and Cy; 
2) hornblende- abundant (48-56%), cummingtonite - rare 
(1-6%), hypersthene - common (41-49%): units Jb, Jy, and So; 
3) hornblende- common (36-46%), cummingtonite- abundant 
(54-64%), hypersthene- absent (0%): units Kd and Cw. 
The calculated mean and range of glass refractive indices for 
Cascade Range reference samples are listed in Table 4 and plotted 
in Figure 10. The samples can be placed into five major groups 
based upon glass refractive index means; 
1) N = 1.494 late Holocene samples from Mt. St. Helens -
Sets We and Wn; 
2) N = 1.498 late Pleistocene samples from Mt. St. Helens -
Sets Cy and Cw; 
3) N = 1.500-1.501 late Pleistocene samples from ~lt. St. 
Helens - Sets Mp, Kd, Sg, Sg2, and So, and 
Glacier Peak - Sets B and G· 
' 
4) N = 1.503-1.504 middle Holocene samples from Mt. St. 
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Figure 10. above - Hypothetical refractive index histogram 
illustrating shading types used to represent 
observed refractive index of glass ranges. 
next page - Refractive index histogram plots of glass 
shards from Cascade Range tephras. 
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illustrating shading types used to represent 
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MSH·Ye 
MAZAMA2 
G.P.·G 
MSH·Yn 
MSH·S0 
MSH·J 
(After Steen-
Mclntyre,1975l 
Helens - Sets Jy, Jb, Yn, and Ye; 
5) N = 1.507-1.508 middle Holocene samples from Mt. Mazama 
The refractive index modes of individual sets from major tephra 
units (i.e. Sets Yn and Ye from tephra Unit Y) are within the 
error limits of the central masking technique (i.e. ~0.001 N); 
therefore, differentiation of individual ash sets within major 
units is not possible on the basis of refractive index 
determinations alone. 
White Cloud Peaks - Boulder Mountain Tephra Samples 
Heavy mineral percentages from selected White Cloud Peaks -
Boulder Mountain volcanic ash samples are presented in Table 6. 
Of the 35 samples that have been petrographically characterized, 
only four - BBC-4, BC-1, SRC-1, and IA1 - contain the distinctive 
amphibole, cummingtonite. Calculated hornblende/hypersthene/ 
cummingtonite ratios (Table 7) reveal that all cummingtonite-
bearing samples contain abundant hornblende (55-72%), common 
cummingtonite (24-42%), and rare hypersthene (0-4%). The samples 
plot in the Mt. St. Helens, Set Y, Sg, Mp, Cy range (group 1; 
Table 5) on a hornblende/hypersthene/cummingtonite ternary diagram 
(compare Figures 9 and 11). 
Non-cummingtonite bearing samples display considerable 
scatter when plotted on a hornblende/hypersthene/augite ternary 
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TABLE 6. Petrographic Characteristics of White Cloud Peaks-
Boulder Mountain Volcanic Ash Samples 
R.I. GLASS R.I. R.I. HEAVY MINERAL SUITE-%(1) 
SAMPLE MEAN RANGE SET HB HY AU MICA OP cu 
S-1 1.500 1.496-1.504 3 59 15 1 8 16 
~·(sRC-1 1.501 1.500-1.504 3 42 1 38 19 
BC-1 1.504 1.500-1.508 4 49 3 7 25 16 
IA-1 1.503 1.496-1.504 4 43 29 28 
BBC-4 1.503 1.500-1.508 4 37 2 13 4 15 28 
~'(BBC-1 1.508 1.500-1.508 5 55 8 2 8 27 
BBC-2 1.508 1.500-1.512 5 19 19 31 31 
.BBC-3 1.508 1.500-1.512 5 28 28 6 39 
BBC-3b 1.508 1.504-1.512 5 21 3 6 9 62 
BBC-5 1.507 1.500-1.512 5 31 13 6 38 
~'; EF-1 1.508 1.500-1.512 5 22 14 23 2 38 
EF-3 1.507 1.500-1.508 5 40 21 8 8 24 
EF-8 1.507 1.500-1.512 5 33 11 7 48 
EF-lla 1.508 1.500-1.508 5 7 - 41 14 38 
EF-llb 1.508 1.504-1.508 5 15 8 23 23 31 
EF-11c 1.508 1.504-1.512 5 20 17 30 7 . 30 
EF-12 1.508 1.500-1.512 5 24 12 29 18 18 
EF-13 1.507 1. 500-1.512 5 19 10 20 22 29 
SC-1 1.507 1.500-1.512 5 19 19 4 35 23 
SC-2 1.507 1.500-1.512 5 42 8 21 4 21 
SC-4 1.507 1.504-1.508 5 40 20 40 
SC-5 1.507 1.500-1.512 5 40 13 7 40 
SC-6 1.508 1.500-1.512 5 29 6 24 41 
*SpC-1 1.508 1.504-1.512 5 23 19 21 2 33 
SpC-2 1.508 1.504-1.512 5 62 7 31 
SpC-3 1.508 1. 500-1.512 5 35 29 12 24 
WA-1 1.506 1.504-1.512 5 29 29 14 29 
WA-2 1.508 1.504-1.512 5 58 19 26 
MA-l 1.507 1.500-1.508 5 47 21 11 21 
VA-l 1.507 1.500-1.512 5 41 32 11 4 12 
VA-2 1.508 1.504-1.512 5 40 31 7 12 10 
EA-1 1.507 1. 500-1.512 5 32 17 7 15 29 
EA-2 1.508 1. 500-1.508 5 32 13 2 5 43 
(1) HY-hypersthene; HE-hornblende; CU-cummingtonite; 
MICA-biotite; AU-augite 
* Elemental analysis by Idaho Bureau of Mines and Geology 
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TABLE 7. Fe-Mg Mineral Proportions of White Cloud Peaks -
Boulder Mountain Volcanic Ash Samples 
SAMPLE HB/HY/ AU(l) HB/HY/CU(l) 
~·~sRC-1 69/00/31 
BC-1 72/04/24 
IA-1 61/00/39 
BBC-4 55/03/42 
*BBC-1 85/12/03 
BBC-2 27/27/46 
BBC-3 28/28/44 
BBC-3b 70/10/20 
BBC-5 77/23/00 
* EF-1 37/24/39 
EF-3 58/30/12 
EF-8 75/25/00 
EF-lla 85/00/15 
-:~ EF-llb 33/17/50 
EF-llc 30/25/45 
EF-12 37/18/45 
EF-13 39/41/20 
SC-1 45/45/10 
SC-2 59/11/30 
SC-4 67/33/00 
SC-5 75/25/00 
sc-6 34/45/21 
SpC-1 37/30/33 
*SpC-2 90/10/00 
SpC-3 46/38/16 
WA-1 40/40/20 
WA-2 75/25/00 
MA-l 59/27/14 
VA-l 49/38/13 
VA-2 51/40/09 
S-1 79/20/01 
EA-1 57/35/08 
EA-2 71/25/04 
(1) HY-hypersthene; HB-hornblende; CU-cummingtonite; AU-augite 
* Elemental analysis by Idaho Bureau of Mines and Geology 
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Figure 11. Hornblende/hypersthene/ 
cummingtonite proportions of· 
cummingtonite-bearing tephra from 
the White Cloud Peaks - Boulder 
Mountain study area. 
Figure 12. Hornblende/hypersthene/ 
augite proportions of non-
cummingtonite-bearing tephra 
from the White Cloud Peaks -
Boulder Mountain study area. 
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diagram (Figure 12). Hornblende proportions range from 14% to 
90%; hypersthene from 0% to 45%; and augite from O% to 86% (Table 
7). 
Mean glass refractive index determinations are accurate to 
better than .001 N, as demonstrated by multiple counts performed 
on five samples collected from the study area (BBC-1, BBC-2, 
BBC-3, BBC-3b, and S-1) and a single Cascade reference sample 
(Mazama-1). The visual correlation of the refractive index 
histogram plots in Figure 13 is excellent; calculated mathematical 
means differ by less than .0005 N. 
The mean and range of glass refractive indices for selected 
White Cloud Peaks - Boulder Mountain volcanic ash samples are 
listed in Table 6, and plotted in Figure 14. Tephra samples from 
the region can be sub-divided into three groups based upon 
calculated refractive index means. Two samples, SRC-1 and S-1, 
have mean refractive index of glass values of 1.501 and 1.500, 
\ ' 
respectively, characteristic of R.I. Set 3 (late Pleistocene 
reference samples from Mt. St. Helens and Glacier Peak). Three 
samples, BC-1, BBC-4, and IA-1, display a refractive index mean 
typical of Holocene-age reference samples (R.I. Set 4; N = 1.503 -
1.504) sourced from Mt. St. Helens. The remaining 28 ash samples 
are characterized by a high refractive index mean (N = 
1.507-1.508) unique to Mt. Mazama reference samples (R.I. Set 5). 
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Figure 13. Glass refractive index histogram plots for selected 
tephra samples on which multiple determinations were 
performed. 
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Figure 14. Glass refractive index histogram plots for White 
Cloud Peaks - Boulder Mountain tephra samples. 
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DISCUSSION 
Correlation 
Identification of White Cloud Peaks - Boulder Mountain 
tephras is based entirely upon correlation with known Cascade 
Range reference samples. Correlation is based on; 1) petrographic 
characterization, 2) relative stratigraphic position where a 
vertical stratigraphy has been established, and 3) limited 
geochemical characterization. 
Four distinct Cascade tephra units have been identified from 
exposures in the White Cloud Peaks - Boulder Mountain Region of 
south-central Idaho; they are: 1) Mt. St. Helens - Set S, 2) Mt. 
St. Helens - Set Ye, 3) Glacier Peak - Set B, and 4) Mt. Mazama. 
Mt. St. Helens - Set S 
A single sample, SRC-1, contained within slope wash deposits 
at the head of Silver Rule Creek (Figure 15), is geochemically 
similar to Mt. St. Helens - Set So tephra and petrographically 
similar to Set Sg. The elemental proportions of CaO:FeO:K20, 
reported by Mullineaux and others (1978) for Mt. St. Helens - Set 
So tephra, are identical to values obtained from electron 
microprobe analysis of sample SRC-1. Elemental proportions are 
plotted, along with published analyses of known Cascade Range 
tephras, in Figure 16. At a 95% confidence level positive 
discrimination of Mt. St. Helens - Set S and Mt. St. Helens - Set 
49 
Figure 15. Location of sample SRC-1, identified as 
Mt. St. Helens - Set s tephra. 
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Figure 16. CaO:FeO:K20 ratios in volcanic glasses from major 
Cascade tephra units, along with determinations 
for selected White Cloud Peaks - Boulder 
Mountain samples (after Smith and Leeman, 1981). 
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J tephras is not possible. The two geochemically similar units 
can, however, be distinguished petrographically. Both Mt. St. 
Helens - Set Sg, and Sample SRC-1, contain abundant hornblende 
(51-53% vs 42%), rare hypersthene (2% vs 0%), and sparse to common 
cummingtonite (15-20% vs 31%); refractive index means range from 
1.500 to 1.501 for the two units. In contrast, Mt. St. Helens -
Set J tephras contain common hornblende (37-42%), common 
hypersthene (27-42%), and rare cummingtonite (2%), with a mean 
refractive index value of N = 1.503 to 1.504 (see Table 8). The 
correlation of sample SRC-1 with Mt. St. Helens, Set S tephra is 
further supported by the similarity of HB/HY/CU ratios along with 
the refractive index of glass mean and range. 
Mt. St. Helens - Set Y 
Two samples, BBC-4 and BC-1, both collected from shallow 
stream cuts, and one bog core sample, SC811 IA1 - are 
petrographically similar to Mt. St. Helens, Set Ye tephra (Figure 
17). Table 9 presents the mean refractive index of glass values 
and Fe-Mg phenocryst proportions of Mt. St. Helens - Sets Yn and 
Ye volcanic ash reference samples, along with correlated samples 
BBC-4, BC-1, and IA-1. The central Idaho tephra samples contain 
common hornblende (37-49%), rare hypersthene (0-3%), and sparse to 
common cummingtonite (16-28%), with a glass refractive index mean 
of 1.503-1.504. In comparison, Mt. St. Helens, Set Ye contains 
53 
SAMPLE(l) 
~\'SRC-1 
MSH-So 
MSH-Sg 
MSH-Sg2 
MSH-Jb 
MSH-Jy 
TABLE 8. Petrographic Characteristics of Sample SRC-1 and 
Mt. St. Helens - S and - J Reference Samples 
R.I. GLASS R.I. 
MEAN RANGE 
1.501 1.500-1.504 
1.501 1.500-1.504 
1.500 1.500-1.504 
1.500 1.500-1.504 
1.504 1.500-1.508 
1.503 1.496-1.504 
Fe-Mg PHENOCRYSTS %(2) 
HB HY MI OP CU 
42 1 38 19 
30 29 3 35 4 
53 2 5 20 20 
51 2 1 30 15 
42 42 2 13 2 
37 27 34 2 
HB/HY/CU 
RATIO 
69/00/31 
48/46/06 
71/03/26 
75/03/22 
49/49/02 
56/41/03 
(1) MSH - Mt. St. Helens 
(2) MY-hypersthene; HE-hornblende; MI-mica; OP-FeTi oxides; CU-cummingtonite 
* Elemental analysis by Idaho Bureau of Mines and Geology 
Ca0/Fe0/K20 RATIO 
28/25/47 
27/27/46 
30/27/43 
30/27/43 
27/27/46 
27/27/46 
TABLE 9. Petrographic Characteristics of Samples BBC-4, BBC-1, 
IA-1, and Mt. St. Helens - Set Y Reference Samples 
R.I. GLASS R.I. Fe-Mg PHENOCRYSTS %(1) HB/HY/CU 
SAMPLE MEAN RANGE HB HY MI OP cu RATIO 
BBC-4 1.503 1.500-1.508 37 2 4 15 28 55/03/42 
BC-1 1.504 1. 500-1. 508 49 3 7 25 16 72/04/24 
IA-1 1.503 1.500-1.508 43 29 28 61/00/39 
MSH-Yn 1.5o4 1.500-1.508 53 1 36 4 93/00/07 
MSH-Ye 1.503 1.496-1.508 31 1 22 36 10 74/02/24 
(1) HE-hornblende; HY-hypersthene; MI-mica; OP-Fe/Ti oxides; 
CU-cummingtonite 
55 
Figure 17. Location of sampled dep9sits identified as 
Mt. St. Helens - Set Ye. 
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.. 
common hornblende (31%), rare hypersthene (1%), and common 
cummingtonite (24%) with a mean refractive index of 1.503; Set Yn 
contains abundant hornblende (53%) absent hypersthene (0%), and 
rare cummingtonite (4%) with a refractive index mean of N = 1.504. 
Further, both the correlated samples and the Cascade reference 
samples display the wide glass refractive index range 
characteristic of incompletely hydrated, middle to late Holocene 
Cascade tephra (Table 4 and Figure 10). 
Based upon the known distribution of Set Yn and Ye tephra 
(Figure 4), along with the marked differences in Fe-Mg phenocryst 
proportions between the two sets, samples BBC-4, BC-1, and IA-1 
are identified as Mt. St. Helens - Set Ye tephra. The 
identification of this Cascade tephra set in south central Idaho 
extends considerably the reported range of this stratigraphic unit 
(Figure 18). 
Mt. Mazama 
Volcanic ash characteristic of the mid-Holocene eruption of 
Mt. Mazama is widespread in the study area. Twenty-eight tephra 
samples, comprising over 80% of all deposits located and 
collected, are petrographically similar to Mt. Mazama reference 
samples. Correlated deposits are found within 1) poorly sorted, 
blocky talus of dissected fan complexes along Slate Creek, Big 
Boulder Canyon, and the valley of the East Fork of the Salmon 
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Figure 18. Extended range of Mt. St. Helens - Set Ye. 
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River, 2) fine- to coarse-grained alluvium in Spar Canyon, and 3) 
fine-grained, organic-rich lacustrine sediments in Slate Creek and 
Pole Creek (Figure 19). 
The Ca0/FEO/K20 proportions of four samples - EF-1, EF-11b, 
SpC-2, and BBC-1 plot within, or adjacent to, the reported range 
of Mt. Mazama tephra (Westgate; 1969; Figure 16). The Fe-Mg 
phenocryst proportions of these four geochemically characterized 
'samples are widely variable; hornblende proportions range from 
fifteen to 62% (EF-11b and SpC-2), hypersthene from seven to 14% 
(SpC-2 and EF-1), and augite from zero to 23% (SpC-2 and 
EF-1/EF-11b). The minimum and maximum proportions of hornblende 
and augite in White Cloud Peaks - Boulder Mountain samples are 
found in sample SpC-2, which is geochemically correlable with Mt. 
Mazama tephra, and sample EF-11a, which was collected from the top 
of a massive 1.0 m tephra unit, 0.30 m above geochemically 
characterized sample EF-11b. 
Calculated hornblende/hypersthene/augite ratios tend to 
accentuate the total variability of observed phenocryst 
proportions. Ratios for White Cloud Peak - Boulder Mountain 
samples identified as Mt. Mazama tephra are: hornblende - common 
to abundant (28-90%), hypersthene- sparse to common (10-45%), 
augite- absent to abundant (0-50%). In comparison, the two Mt. 
Mazama reference samples have calculated Fe-Mg ratios: hornblende 
- common to abundant (43-68%), hypersthene - sparse to common 
59 
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Figure 19. Location of sampled deposits identified as Mt. Mazama. 
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(16-40%), augite - sparse (16-17%). Hornblende/hypersthene/augite 
ratios for Mt. Mazama reference samples and correlated White Cloud 
Peak - Boulder Mountain tephra are plotted in Figures 8 and 12, 
and listed in Table 10. 
Tephra samples correlated with Mt. Mazama tephra display the 
wide range of glass refractive index characteristic of 
mid-Holocene tephra. In addition, all samples have an index of 
refraction mean of 1.507 to 1.508, in agreement with both 
published data (Wilcox, 1965; Fryxell, 1965; Blinman, et al., 
1979), and with refractive index values from Mt. Mazama reference 
samples (see Table 10 and Figures 10 and 14). 
Core Samples 
Multiple tephra layers are contained in each of the core 
sections described and sampled (Figure 20). The relative 
stratigraphic position of the volcanic ash horizons, along with 
radiometric dating of bracketing organic sediment, acts as a 
control on the approximate age of the ash units and serves as an 
independent check of the petrographic correlation with Cascade 
Range reference samples. 
Slate Creek Core Site 
A 1.2 meter (3.9 ft) core was recovered from Slate Creek Bog, 
which is located immediately behind the terminal moraine of "the 
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TABLE 10. Petrographic Characteristics of Mt. Mazama Volcanic Ash 
and Correlated White Cloud Peak - Boulder Mountain Tephra 
R.I. R.I. Fe-Mg PHENOCRYSTS %(1) HB/HY/AU 
SANPLE MEAN RANGE HB HY AU MI OP RATIO 
MAZAMA-I 1.508 1.504-1.512 50 12 12 5 21 68/16/16 
~IAZAMA-2 1.507 1. 500-1.516 38 35 15 3 9 43/40/17 
------------------------------------------------------------------------------
'i'•BBC-1 1.508 1.504-1.512 55 8 2 8 27 85/12/03 
BBC-2 1.508 1.500-1.512 19 19 31 31 27/27/46 
BBC-3 1.508 1. 500-1.512 28 28 6 39 28/28/44 
BBC-3b 1.508 1.504-1.512 21 3 6 9 62 70/10/20 
BBC-5 1.507 1.500-1.512 31 13 6 38 72/23/00 
'i'• EF-1 1.508 1.500-1.512 22 14 23 2 38 37/24/39 
0"\ EF-3 1.507 1. 500-1. 508 40 21 8 8 24 58/30/12 
N EF-8 1.507 1. 500-1. 512 33 11 7 48 75/25/00 
EF-lla 1.508 1.500-1.512 7 43 14 38 86/00/14 
EF-llb 1.508 1.504-1.508 15 8 23 23 31 33/17/50 
EF-llc 1.508 1. 504-1.512 20 17 30 7 30 30/25/45 
EF-12 1.508 1.500-1.512 24 12 29 18 18 37/18/45 
EF-13 1.507 1.500-1.512 19 10 20 22 29 39/41/20 
SC-1 1.507 1.500-1.512 19 19 4 35 23 45/45/10 
SC-2 1.507 1.500-1.512 42 8 21 4 21 59/11/30 
SC-4 1.507 1.504-1.508 40 20 20 67/33/00 
sc-5 1.507 1.500-1.512 40 13 7 40 75/25/00 
SC-6 1.508 1.500-1.512 29 6 24 41 34/45/21 
Spc-1 1.508 1. 504-1.512 23 19 21 2 33 37/30/33 
~\'Spc-2 1.508 1. 504-1.512 62 7 31 90/10/00 
Spc-3 1.508 1. 500-1.512 35 29 12 24 46/38/16 
0'\ 
w 
TABLE 10. Petrographic Characteristics of Mt. Mazama Volcanic 
and Correlated White Cloud Peak - Boulder Mountain Tephra 
R.I. R.I. Fe-Mg PHENOCRYSTS %(1) 
SAMPLE MEAN RANGE HB HY AU MI 
WA-1 1.506 1.500-1.512 29 29 14 
WA-2 1.508 1. 504-1.512 58 19 
MA-l 1.507 1.500-1.508 47 21 11 
VA-l 1.507 1. 500-1.508 41 32 11 4 
VA-2 1.508 1.504-1.512 40 31 7 12 
EA-1 1.507 1.500-1.512 32 17 7 15 
EA-2 1.508 1.500-1.508 32 13 2 5 
(1) HE-hornblende; HY-hypersthene; Au-augite; MI-mica; OP-Fe/Ti oxides; 
* Elemental analysis by Idaho Bureau of Mines and Geology 
OP 
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Ash 
(Continued) 
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RATIO 
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51/40/09 
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last major glacial phase in Slate Creek" (Zigmont, 1982). The 
basal sediment consists of very dark gray (Munsell, 2.5Y 3/0), 
pebbly sand; repeated attempts to penetrate this zone were 
unsuccessful. Three volcanic ash layers, designated IA1, EA1, and 
EA2, were collected from dark grayish-brown (Munsell, 10YR 4/2) to 
black (Munsell, 2.5Y 2/0), organic-rich clay and peat in split 
core segments, at depths of 0.91 m, 1.33 m, and 1.42 m (3.0, 4.4, 
and 4.6 ft), respectively. Organic-rich material above and below 
the basal tephra doublet was collected for radiocarbon dating at 
the Radiation Biology Laboratory of the Smithsonian Institute 
(sample number SI-5416). 
Tephra samples collected from the Slate Creek bog site are 
derived from the mid-Holocene eruptions of Mt. Mazama (6600 yrs. 
B.P.) and Mt. St. Helens (3510-3350 yrs. B.P.). The uppermost, 
1.8 em thick ash horizon (IA-1) is petrographically similar to Mt. 
St. Helens, Set Ye tephra (compare Figures 9 and 11). The Fe-Mg 
phenocryst suite is characterized by common hornblende (43%), 
absent hypersthene (0%), and common cummingtonite (28%). In 
comparison, Mt. St. Helens - Set Ye reference samples contain 
common hornblende (31%), rare hypersthene (1%), and common 
cummingtonite (24%). Both the reference sample and sample IA-1 
have a refractive index mean equal to 1.503 (Table 11). 
Fe-Mg mineral proportions and refractive index means of the 
basal tephra doublet (EA-1 and EA-2) are similar to reported 
65 
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TABLE 11. Petrographic Characteristics of Tephra from Slate Creek Bog 
and Correlable Cascade Range Reference Samples 
R.I. GLASS R.I. Fe-Mg PHENOCRYSTS % (1) 
SAMPLE MEAN RANGE HB HY AU MI OP cu 
MSH-Yn 1.504 1.496-1.504 53 1 36 4 
MSH-Ye 1.503 1. 496-1.500 31 1 22 36 10 
HB/HY/CU 
RATIO 
93/00/07 
74/02/24 
------------------------------------------------------------------------------------
IA-1 1.503 1. 496-1.504 43 29 28 61/00/39 
HB/HY/AU 
RATIO 
--
MAZAMA-I 1.508 1.504-1.512 50 12 12 5 21 68/16/16 
MAZAMA-2 1.507 1.500-1.516 38 35 15 3 9 43/40/17 
------------------------------------------------------------------------------------
EA-1 1.507 1.500-1.512 32 17 7 15 29 57/35/08 
EA-2 1.508 1.500-1.508 32 13 2 5 43 71/25/04 
(1) HB-hornblende; MY-hypersthene; AU-augite; MI-mica; OP-Fe/Ti oxides; 
CU-cummingtonite. 
petrographic characteristics of Mt. Mazama tephra. The Fe-Mg 
phenocryst suite of the tephra doublet consists of common 
hornblende (32%), sparse hypersthene (13-17%), and rare to sparse 
augite (2-7%), versus common hornblende (38-50%), sparse to common 
hypersthene (12-35%), and sparse augite (12-15%) for Mt. Mazama 
reference samples. All samples have a wide glass refractive index 
range, with a mean of 1.507-1.508 (Table 11). 
Radiometric dating of organic-rich sediment collected from 
the core section at a depth of 1.27-1.45 meters yielded an 
absolute age of 3360 ± 140 yrs. B.P. The basal tephra doublet, 
identified as Mt. Mazama tephra (6600 yrs. B.P.), brackets the 
dated interval; while the uppermost ash layer, identified as Mt. 
St. Helens, Set Ye (3510- 3350 yrs. B.P.), is found approximately 
0.4 m above the interval. The discordance between the radiometric 
and tephrochronologic age determinations may result from 1) 
contamination of the dated sample with young carbonaceous 
material, 2) long-term, on the order of thousands of years, 
reworking and redeposition of Mazama ash, and/or 3) 
misidentification of the basal doublet as Mt. Mazama tephra. 
The presence of rootlets more than 1.0 m below the sediment 
surface (see Stratigraphic Descriptions- Appendix II), along with 
the location of the core site in a heavily vegetated bog, lends 
considerable weight to the hypothesis that the dated sample was 
contaminated, thereby yielding a "too young" radiometric age for· 
the interval. 
67 
The possibility that the basal ash units were reworked for 
approximately two thousand years and subsequently deposited seems 
unlikely. Although Mt. Mazama ash was subject to considerable 
reworking following the initial ashfall in the study area (as 
evidenced by the wide range of deposit thicknesses), its 
redeposition as a relatively pure tephra doublet with only minor 
contamination by local mineral species would seem extremely 
fortuitous. 
Finally, misidentification of the doublet as Mt. Mazama 
tephra requires that the basal units represent an eruptive event 
older than 3350 yrs. B.P. (the age of Mt. St. Helens - Set Ye), 
but little older than 3500 yrs. B.P. (the upper limit of the 
radiocarbon date). Thus, all ash units in the core would be 
correlative with Set Y tephra. This conclusion is untenable in 
light of the petrographic characteristics reported in this study. 
Figure 21 shows the depths, identifications, and ages of 
samples collected from the Slate Creek bog core. 
Pole Creek Core Site 
A second, 1.1 m (3.6 ft) core was recovered from a kettle 
lake located approximately 1.6 km (1.0 mi.) up-valley of the· 
"Pinedale" end moraine complex at the mouth of Pole Creek (Plate 
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2). The sticky consistency of the lake sediment at depth 
prevented further penetration of the coring device. The sedi~ent 
at 1.56 to 1.66 m (5.3 - 5.4 ft) below the sediment surface 
consists of rhythmically banded, light brownish-gray (Munsell, 
2.5Y 6/2) to white (Munsell, 10 YR 8/1) clayey silt with numerous 
mollusc shells. The thin (~.2 em), white silt layers, which 
produce the rhythmic banding, represent reworked ash from the 
underlying tephra horizon. Volcanic ash was recovered from two 
horizons, at depths of 0.62 to 0.92 meters (2.0-3.0 ft) and 1.66 
to 1.67 meters. Carbonaceous material from 1.19 to 1.25 m (3.9-
4.1 ft), between the thick, upper ash horizon and the basal tephra 
unit, was collected for radiocarbon dating (sample number 
SI-5181). 
A total of six ash samples were collected from the two tephra 
horizons in the Pole Creek core. The uppermost horizon, 
encountered in four core sections, consists of white (Munsell, 
lOYR 8/1) to pale brown (Munsell, lOYR 6/3), laminated, medium 
silt and silty organics. The ash unit attains a total thickness 
of 0.30 m (1.0 ft). Five samples (WA-1, WA-2, MA-l, VA-l, and 
VA-2) from the thick upper horizon are petrographically similar to 
Mt. Mazama tephra. A refractive index mean of 1.506 - 1.508, and 
Fe-Mg phenocryst suite consisting of common to abundant hornblende 
(29-58%), common hypersthene (19-32%), and absent to sparse augite 
(0-14%), indicate a Mt. Mazama source (Table 12). The 
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SAMPLE 
MAZAMA-I 
MAZAMA-2 
TABLE 12. Petrographic Characteristics of Tephra from Pole Creek 
and Correlable Cascade Range Reference Samples 
R.I. GLASS R.I. Fe-Mg PHENOCRYSTS %(1) HB/HY/AU 
MEAN RANGE HB HY AU MI OP RATIO 
1.508 1.504-1.512 so 12 12 5 21 68/16/16 
1.507 1.500-1.516 38 35 15 3 9 43/40/17 
------------------------------------------------------------------------------------
WA-1 1.506 1. 500-1.512 . 29 29 14 29 40/40/20 
WA-2 1.508 1. 504-1.512 58 19 26 75/25/00 
MA-l 1.507 1. 500-1.508 47 21 11 21 59/27/14 
VA-l 1.507 1.500-1.512 41 32 11 4 12 49/38/13 
VA-2 1.508 1.504-1.512 40 31 7 12 10 51/40/09 
G.P.-B 1.500 1. 496-1.500 68 17 1 14 80/20/00 
------------------------------------------------------------------------------------
S-1 1.500 1. 496-1.504 59 15 1 8 16 79/20/01 
(1) HB-hornblende; HY-hypersthene; AU-augite; MI-mica; OP-Fe/Ti oxides; 
accumulation of 0.3 meters of Mt. Mazama tephra, at a considerable 
distance from the source vent, is thought to result from 
redeposition of primary airfall material from the surrounding 
glacial outwash plain. Selective reworking of primary deposits 
may account for much of the Fe-Mg phenocryst variability in the 
uppermost 0.20 meters of the horizon (samples WA-1 and WA-2). 
Volcanic ash collected from 1.66 to 1.67 m, immediately below 
the rhythmically banded silt in the deepest core segment, consists 
of very pale brown (Munsell, 10 YR 7/3) medium silt with mixed 
silty peat below. Ash sample S-1, at the base of the Pole Creek 
core, is petrographically similar to the late Pleistocene, Glacier 
Peak reference sample, Set B (11,300 ± 230 yrs. B.P.). The glass 
refractive index mean of 1.500, and hornblende/hypersthene/augite 
ratio of 79/20/1 is nearly identical to that recorded from the 
Glacier Peak - Set B reference sample; refractive index mean of 
1.500; and hornblende/hypersthene/augite ratio of 80/20/0. The 
refractive index range for glass shards is narrow in both ashes, 
as expected for completely hydrated Late Pleistocene tephras. 
Petrographic characteristics, including Fe-Mg phenocryst 
proportions, are presented in Table 12. 
Figure 22 shows the depths, identifications, and ages of 
samples collected from the Pole Creek core site, along with 
calculated sedimentation rates. 
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Figure 22. Diagrammatic section 
of the Pole Creek core showing 
ages and depths of identified 
tephras, the position of dated 
organic sediments, and calculated 
sedimentation rates. 
73 
o------
-E 
u 
-
• ID 
.t:. 0 
- C\1 a. ... 
• c 
0 
.. 
0 
CD 
l 
Reworked 
Mazama 
-Mazama-
_.. ____ _, 6600 yrs B. P. 
t 
tll.llcm 
/1000yr• 
! 
t 
PC-813 
Sl-5181 
8450:!:80 
yrs B.P. 
Glacier Peak 
Set B 
11,250~300 
yrs B.P. 
Figure 22. Diagrammatic section 
of the Pole Creek core showing 
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GEOLOGIC AND GEOMORPHIC IMPLICATIONS 
The volcanic ash identified in the White Cloud Peaks -
Boulder Mountain study area are found in three distinct geomorphic 
settings; 1) coarse-grained talus cone and fan deposits, 2) 
fine-grained alluvium and colluvium, and 3) lacustrine 
environments. The relative abundance of samples recovered from 
fan settings reflects the widespread exposure of ash, due to 1) 
deep incision of fan deposits resulting from recent (<4350 yrs. 
B.P.; i.e. post-Mt. St. Helens- Set Ye) downcutting, and 2) 
excellent preservation within road-cuts. It is notable that ash 
layers were encountered in all lacustrine environments sampled in 
the region; the relative paucity of samples from such settings 
reflects the difficulty of obtaining intact, interpretable cores, 
rather than the true abundance of tephra in these depositional 
environments. 
Fryxell (1965) noted that volcanic ashes of widely different 
age commonly occur in unlike sediments and occupy different 
positions in the landscape (i.e. different geomorphic settings). 
In general, volcanic ash layers in the White Cloud Peaks - Boulder 
Mountain Region display a similar relation between age and 
depositional environment. Glacier Peak ash (11,250 ± 350 yrs. 
B.P.) is restricted to a single occurrence (S-1), associated with 
fine-grained, late-glacial silty organics, collected from a large 
kettle lake in Pole Creek. The tephra unit was not recovered from 
either alluvium, or alluvial fan sediment. Similarly, the single 
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sample (SRC-1) of Mt. St. Helens, Set S tephra (~13,100 yrs. B.P.) 
is located within fine-grained colluvium, and absent from sampled 
alluvial or alluvial fan deposits. The presence of Late 
Pleistocene ash within fine-grained sediment indicates deposition 
in low-energy environments; sample S-1 was deposited in a lake 
formed by the recession of a large glacier which occupied the 
valley of Pole Creek, while sample SRC-1, located at 2750 m (9,000 
ft) near Railroad Ridge, is believed to have been preserved in a 
peri-glacial setting, perhaps among soliflucted soils which today 
are manifested as gentle ridge and swale features paralleling the 
local contour at high altitude. 
Post-Pleistocene samples, Mt. St. Helens - Set J, Mt. Mazama, 
and Mt. St. Helens - Set Ye, are generally more widespread and 
better preserved in the study area. Tephra samples are found 
associated with well-sorted alluvial sands and lacustrine silts, 
and with coarse, poorly-sorted fan sediment. The preservation of 
tephra in alluvial and lacustrine sediment is not particularly 
striking, given the common association of ash and low-energy 
depositional environments. However, the wide-spread occurrence of 
Holocene-age ash in high energy fan settings is exceptional, as is 
the post-Mt. St. Helens - Set Ye (4350 yrs. B.P.) incision of the 
fans. On the basis of fan and terrace elevations, downcutting 
relations, adjustments of stream gradient, and the occurrence of 
glacial eratics, it is argued that the fans are, in fact, small 
cone-shaped fan deltas formed in two lakes which occupied the East 
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Fork River Valley and Lower Big Boulder Canyon through the middle 
Holocene. 
Fan Development in Big Boulder Creek 
Fan development in Big Boulder Creek is restricted to the 
northern valley walls from the confluence of Jim Creek to sample 
site BBC-3. Upvalley fans are less dissected by late Holocene 
erosion, 35 m (120 ft) at site BBC-1, versus 130 m (420 ft) 
down-valley, at site BBC-3. Fan apexes define a nearly horizontal 
surface with elevations ranging from 2080 m (6820 ft; site BBC-1) 
to 2090 m (6850 ft; site BBC-3). Figure 23 illustrates the modern 
stream gradient of Big Boulder Creek along with the measured fan 
surface elevations. 
The deep incision of fan sediment suggests that a 
considerable base level re-adjustment has occurred in Lower Big 
Boulder Canyon. The suggestion is supported by the presence of 
lacustrine sediment, consisting of bedded silt and clay 1.3 km 
(0.8 mi) up-valley from the confluence of the East Fork River (see 
Plate 1). Zigmont (1982) hypothesized that ponding of Big Boulder 
Creek may have created a lake 'of unknown depth and size', and 
suggested the need for additional investigation into the mechanism 
of damming. 
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Figure 23. Stream profile of Big Boulder Creek illustrating position of fan apex 
elevations (A), lacustrine sediment (cross-hatch), and erratic boulder 
concentrations (X) relative to outlet channels Vl and ·v2 and the Big 
Boulder.terminal moraine. 
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Field mapping of V-shaped notches cut into the northern 
valley wall at the mouth of Big Boulder Canyon (VI and V2; Figure 
23 and Plate 1) confirms that Lower Big Boulder Canyon was ponded, 
with drainage diverted to the northeast, parallel to the trend of 
the East Fork River Valley. The mapped outlet channels are 
floored with gravel lag, and grade to discontinuous rock-cut 
benches and channels along the walls of the East Fork River Valley 
(Plate 1). The lowermost channel (6300 ft) marks the 
reconstructed ice margin for 'Pinedale' ice in the East Fork River 
Valley (Zigmont, 1982). By analogy, the channel at 2130 m (6990 
ft) is thought to mark the approximate marginal position of a more 
extensive, pre-'Pinedale' glacier in the East Fork. High benches, 
scattered erratic boulders and ice-disintegration features across 
the East Fork Valley at 2070 to 2100 m (68-6900 ft) support the 
analogy (Plate 1). 
The presence of erratic boulders and morainic gravels 180 to 
245 m (600 to 800 ft) above the outlet channel at 2130 m (6990 ft) 
supports Zigmont's contention that an earlier, much larger ice 
mass once occupied the East Fork River Valley. It is unlikely 
that either the outlet channel (V2) or the lacustrine sediment 
situated upvalley were formed concurrently with deposition from 
this 'most extensive' glacial event; rather, the features formed 
1) during recession of the 'most extensive' ice advance in the 
East Fork, or 2) a later advance which pre-dated the 'Pinedale', 
extending far beyond the reconstructed margins of Zigmont (1982). 
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In either case, a large East Fork ice mass blocking the through 
drainage of Big Boulder Creek accounts for 1) the presence of 
abandoned outlet channels and elevated valley-side erratics, 2) 
lacustrine sediment in Lower Big Boulder 3) the coincidence of fan 
apex elevations and, 4) the deep incision of fan deposits in Lower 
Big Boulder Creek. 
Fan Development in the East Fork of the Salmon River 
In the East Fork River Valley, fans are best developed along 
oversteepened canyon walls from Big Lake Creek downvalley to 
sample site EF-11, where the local bedrock consists of the rapidly 
weathered Challis volcanics. Tephra samples collected downvalley 
of site EF-11 are contained within fine-grained alluvial and 
colluvial deposits, rather than coarse fan deposits. Late 
Holocene incision of the fans is greatest at EF-11 (20m/70ft), 
decreasing upvalley to less than 6 m (20 ft) near the mouth of Big 
Lake Creek. The fan apexes, the inflection point between the 
upper fan surface and the tributary canyon, define a horizontal 
plane at 1800 - 1805 m (5905 - 5920 ft), suggesting the presence 
of a former base level at that elevation acting to control the 
dispersal of sediment from the valley sides. In the absence of 
such a base level, the upper fan surface elevations would define a 
sloping surface assymptotic to the stream gradient at the local 
base level. 
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The incision of fans upvalley of sample site EF-11, along 
with the existence of a horizontal fan apex plane, suggests that 
the East Fork is adjusting to a base level change by down-cutting. 
It is hypothesized that the former base level was controlled by a 
large valley plug which blocks the East Fork 3.0 km (1.9 mi) 
downvalley of site EF-11. The deeply incised deposit, consisting 
of large boulders and cobbles of Challis volcanics, defines an 
inflection point in the stream gradient profile illustrated in 
Figure 24. The upper surface of the valley plug rises 55 m (180 
ft) above the present stream level, to an elevation of 1790 m 
(5880 ft), the minimum elevation of the former base level and the 
approximate elevation of upper fan surfaces. 
The relative age of the valley plug in the East Fork is 
suggested by the presence of erratic boulders deposited on terrace 
surfaces near Herd Creek at an elevation of 1770 to 1790 m (5800 -
5880 ft; Plate 1). Zigmont (1982) employed field relations, 
provenance determinations, and ice modeling techniques to 
reconstruct ice margins 'of the last major phase of 
glaciation ... in the White Cloud Peaks ... , one which is perhaps 
correlative to the Pinedale glaciation of western Wyoming'. 
Scattered glacial deposits, located beyond the reconstructed 
margain in both the East Fork River Valley and Big Boulder Creek, 
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Figure 24. Stream profile of the East Fork of the Salmon River. Note the close 
coincidence of valley plug, terrace (X), fan apex (A), and moraine 
complex elevations. 
have been ascribed 'to the Bull Lake Glaciation, or perhaps an 
even earlier glacial episode' (Zigmont, 1982). The granitic 
boulders, ranging from 0.5 to 3.0 m in diameter, are similar to 
glacial erratics found in river valleys surrounding the White 
Cloud Peak Stock. Zigmont (1982) noted the presence of granitic 
erratics high on valley walls along the East Fork and concluded 
that 'if this material is glacial in origin, ... it was derived 
from an earlier ... (pre-'Pinedale') ... glaciation'. Similar 
material deposited upon a terrace level grade to the upper surface 
of the valley plug suggests that the East Fork Valley was blocked 
prior to, or perhaps during, a pre-'Pinedale' (i.e. 'Bull Lake') 
glacial event. 
The erratic boulders are thought to have been deposited 
either 1) directly from a large glacier which extended downvalley 
at least to the valley plug deposit in the East Fork, or 2) as 
'dropstones' from ice blocks which calved into a pro-glacial lake 
formed between the valley plug and the glacial terminus. The mode 
of erratic deposition relates directly to the age and origin of 
the valley plug deposit: if released directly from a large East 
Fork glacier, the deposit originated as pre 'Bull Lake' glacial 
moraine; if deposited as dropstones, the valley ·plug may represent 
a landslide which pre-dates a 'Bull Lake' glacial event. 
In the absence of a detailed study of the geomorphic 
relations in the lower East Fork River, it is suggested that the 
valley plug blocked the East Fork drainage, creating a large lake 
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prior to the 'Bull Lake' glacial event. An extensive moraine 
complex, situated near Big Lake Creek, is thought to represent the 
Bull Lake terminal ice position. Calving of debris-laden ice into 
a pro-glacial lake would account for the wide-spread erratic 
debris located on East Fork Rivver terrace surfaces and up small 
tributary canyons (see Plate 1). The former lake level is 
inferred to be no less than 1790 m (5880 ft), based upon the near 
coincidence of fan surface elevation, valley plug elevation, 
erratic strewn terrace elevation, and the position of mapped 
morainal deposits. 
The scenario outlined above does not account for scattered 
erratics located 370 to 550 m (1200 to 1800 ft) above the East 
Fork River, far above the reconstructed pro-glacial lake surface 
(Plate 1). Detailed study of glacial erratic distribution and 
provenance, along with determination of the age and origin of the 
valley plug deposit in the East Fork is suggested to firmly 
resolve the geomorphic relations in this complex area. 
Timing of 'Pinedale-age' Recession of the Pole Creek Glacier 
The Pole Creek Valley, situated at the southern end of the 
upper Stanley Basin, has been repeatedly occupied during the 
Pleistocene by a large outlet glacier flowing from a mountain ice 
cap in the Boulder Mountain uplands to the east. Mathematical 
modeling of the Pole Creek glacial system, along with the 
reconnaissance mapping and air-photo interpretation of the 
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catchment basin, indicates that ice was no less than 50 meters 
(150 ft) thick at the divide between Pole Creek and Germania Creek 
at the 'Pinedale' maximum (see Appendix III). Well-preserved 
lateral and terminal moraine loops, which define a large 
piedmont-type ice mass spreading radially from the valley axis, 
have been mapped by Williams (1961). Deposits are correlated with 
the two latest Pleistocene glacial advances in the Rocky 
Mountains, as defined in the Wind River Range of Wyoming; 1) Bull 
Lake, older (~70,000-145,000 yrs. B.P.), most extensive advance, 
and 2) Pinedale, younger (~10,000-40,000 yrs. B.P.), generally 
less extensive advance (Blackwelder, 1915). 
The surficial deposits map of the Pole Creek Valley (Plate 2) 
illustrates the morainal geometry and the relation between older, 
Bull Lake deposits and younger, Pinedale units. The terminal 
Pinedale position is marked by a massive moraine complex which 
encloses a broad, kettle-pocked outwash plain, formed during 
recession of the Pinedale-age glacier. Recessional stand-stills 
. 
are defined by low (<10m; 30ft), topographically subdued 
moraines which cross perpendicular to the valley axis (Qm2 - Qm6; 
Plate 2). 
Moss (1951) noted that outwash surfaces (terraces) are graded 
to the toe of glacial moraines. Two terrace levels (Qot and Qo1) 
are developed beyond the Pinedale moraine at Pole Creek. One 
(Qo1) defines much of the present surface of the Upper Stanley 
Basin and grades to the terminal moraine complex; the other (Qot) 
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is found along the basin margains as isolated terrace remnants 
12-24 m (40-80 ft) above Qo1. Truncation of Qot by the Qo1 
terrace, and dissection by tributary streams that are graded to 
the Qo1 level, indicate a pre-Pinedale age for Qot deposits. All 
other terrace levels (Qo2-Qal) grade to Pinedale recessional 
moraines. Of particular importance is terrace level Qo3, which is 
dotted with kettle lakes formed by the detachment and subsequent 
burial in outwash, of portions of the receding ice front. Core 
site PC-813 is located in one of these recessional features. 
Kettle lakes form where rapid retreat of the glacier leaves 
large blocks of ice stranded downvalley of the active glacial 
margain. Subsequent burial in outwash released from the glacier, 
followed by melting of the buried block, results in collapse of 
the surrounding sediment and the creation of a closed depression 
in an otherwise featureless sandur. Based upon this model of 
kettle formation, the onset of sedimentation at core site PC-813 
must post-date the recession of Pole Creek ice from moraine 
position Qm3 to moraine position Qm4. Thus, the presence of 
Glacier Peak, Set B tephra at the base of the Pole Creek core 
' defines a minimum age for the onset of sedimentation in the 
kettle, and therefore the minimum age for recession of the Pole 
Creek glacier to the Qm4 moraine position. 
The kettle lake in Pole Creek formed no later than 11,250 ± 
300 yrs. B.P., the age of the Glacier Peak, Set B tephra recovered 
from 1.67 m below the sediment surface. The first appearance of 
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peat is at 1.51 m below the surface, 0.16 m above the tephra 
horizon. A calculated sedimentation rate of 16.1 cm/1000 yrs. for 
the interval from 11,250 to 8450 yrs. B.P., places the onset of 
organic sedimentation at approximately 10,200 yrs. B.P. Based on 
the assumption that plant life tends to establish rapidly 
following climatic amelioration and glacial recession, and the 
fact that Set B tephra is overlain by 12 em of fine-grained silts 
similar to glacial loess, it appears that ice remained in the Pole 
Creek Valley, at or near moraine position Qm4, until approximately 
10,600 yrs. B.P. Sometime after 10,600 yrs. B.P., continued 
warming caused the Boulder Mountain icecap to thin further, 
resulting in a cessation of flow to outlet glaciers in Pole Creek, 
Germainia Creek, and the West Fork of the East Fork, followed by 
rapid retreat of ice throughout the Boulder Mountain uplands (see 
discussion, Appendix III). 
CONCLUSIONS 
The reported petrographic characteristics of the volcanic ash 
reference suite are in close agreement with published properties 
of major Late Pleistocene and Holocene Cascade tephras. The 
quantitative assessment of Fe-Mg phenocryst proportions and glass 
refractive index values support the generalized findings of 
previous workers, and serve as a quantitative data base to which 
unidentified tephra deposits can be correlated. While no single 
property serves to distinguish the individual units, the 
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application of multiple correlation criteria permits positive 
discrimination of samples based solely upon petrographic 
properties. The observed characteristics for Cascade Range 
reference samples are listed in Table 13. 
Correlation of samples collected from the White Cloud Peaks -
Boulder Mountain study area in south central Idaho with Cascade 
Range reference samples has led to the identification of no less 
than four major tephra units in the region. Essential 
petrographic properties, including; Fe-Mg phenocryst abundance, 
hornblende/hypersthene/augite and hornblende/hypersthene/ 
cummingtonite proportions, and the mean and range of the 
refractive index of glass shards, are comparable to similar 
characteristics of reference samples from the eruptions of Glacier 
Peak - Set B, Mt. St. Helens - Sets S, and Ye, and Mt. Mazama. 
Samples identifications are tabulated in Table 14. Limited 
geochemical characterization and radiocarbon dating, along with 
the establishment of a v~rtical stratigraphy through coring of 
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TABLE 13. Characteristics of Cascade Range Reference Samples 
R.I. GLASS R.I. HEAVY MINERAL SUITE(2) 
SAMPLE(1) MEAN RANGE HB HY AU MICA OP cu 
MSH-Wn 1.494 1.488-1.500 C(3) s R R c NF 
MSH-We 1.494 1. 492-1.496 s c s R A NF 
MSH-Cy 1.498 1.492-1.500 c NF NF R c c 
MSH-Cw 1.498 1.492-1.496 c NF NF s s c 
MSH-So 1.501 1.500-1.504 c c NF R c R 
MSH-Sg 1.500 1.500-1.504 A R NF R c c 
MSH-Sg2 1.500 1.500-1.504 A R NF R c s 
MSH-Kd 1.501 1.496-1.504 c NF NF s c c 
NSH-Mp 1.500 1.496-1.500 A R NF R s s 
G.P.-B 1.500 1.496-1.500 A s NF R s NF 
G.P.-G 1.500 1. 496-1.500 c c R R c NF 
G.P.Yn 1.504 1.496-1.504 A NF NF R c R 
G.P.Ye 1.503 1.496-1.500 c R NF c c s 
G.P.Jb 1.504 1. 500-1.508 c c NF R s R 
G.P.Jy 1.503 1.496-1.508 c c NF NF c R 
MAZANA-1 1.508 1.504-1.508 A s s R c NF 
MAZANA-2 1.507 1. 504-1. 508 c c s R s NF 
(1) MSH - Mt. St. Helens; G. P. - Glacier Peak 
(2) Hy-hypersthene; HB-hornblende; Cu-cummingtonite; Au-augite 
(3) A-abundant, >50%; C-common, 20-49%; S-sparse, 5-19%; R-rare, 
1-5%; NF-not found 
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TABLE 14. Characteristics of White Cloud Peaks -
Boulder Mountain Tephra 
R.I. GLASS(N) HEAVY MINERAL SUITE- (1) SAMPLE 
SAMPLE MEAN RANGE HB HY AU MICA OP cu ID 
- -
S-1 1.500 1.496-1.504 A(2) s R s s NF G.P.-SetB 
~·:sRC-1 1.501 1.500-1.504 c NF NF R c s MSH-SetYe 
BC-1 1.504 1.500-1.508 c R NF s c s MSH-SetYe 
IA-1 1.503 1.496-1.504 c NF NF NF c c MSH-SetYe 
BBC-4 1.503 1.500-1.508 c R s R s c MSH-SetYe 
'l':BBC-1 1.508 1.500-1.508 A s R s c NF Mazama 
BBC-2 1.508 1.500-1.512 s s c NF c NF Mazama 
BBC-3 1.508 1.500-1.512 c c s NF c NF Mazama 
BBC-3B 1.508 1. 504-1.512 c R s s A NF Mazama 
BBC-5 1.507 1.500-1.512 c s NF s c NF Mazama 
~·:EF-1 1.508 1.500-1.512 c s c R c NF Mazama 
EF-3 1.507 1.500-1.508 c c s s c NF Mazama 
EF-8 1.507 1.500-1.512 c s NF s c NF Mazama 
EF-llA 1.508 1.500-1.508 s NF c s c NF Mazama 
~·:EF-llB 1.508 1.504-1.508 s s c c c NF Mazama 
EF-llC 1.508 1.504-1.512 c s c s c NF Mazama 
EF-12 1.508 1. 500-1.512 c s c s s NF Mazama 
EF-13 1.507 1.500-1.512 s. s c c c NF Mazama 
SC-1 1.507 1.500-1.512 s s R c c NF Mazama 
SC-2 1.507 1.500-1.512 c s c R c NF Mazama 
SC-4 1.507 1.504-1.508 c c NF NF c NF Mazama 
sc-s 1.507 1.500-1.512 c s NF s c NF Mazama 
SC-6 1.508 1. 500-1.512 c s c NF c NF Mazama 
~':SPC-1 1.508 1.504-1.512 c s c R c NF Mazama 
SPC-2 1.508 1.504-1.512 A s NF NF c NF Mazama 
SPC-3 1.508 1.500-1.512 c c s NF c NF Mazama 
WA.;..l 1.506 1.504-1.512 c c s NF c NF Mazama 
WA-2 1.508 1.504-1.512 A s NF NF c NF Mazama 
MA-l 1.507 1.500-1.508 c c s NF c NF Mazama 
VA-l 1.507 1.500-1.512 c c s R s NF Mazama 
VA-2 1.508 1.504-1-.512 c c s s s NF Mazama 
EA-1 1.507 1.500-1.512 c s s s c NF Mazama 
EA-2 1.508 1. 500-1.508 c s R R c NF Mazama 
(1) MY-hypersthene; HB-hornblende; CU-cummingtonite; 
MICA-biotite; AU-augite 
(2) A-abundant, >50%; C-common, 20-49%; 8-sparse, 5-19%; R-rare, 
1-5%; NF-not found 
* Elemental analysis by Idaho Bureau of Mines and Geology 
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bogs and lakes, lends additional support to the reported 
correlations. 
Mathematical modeling of the Pole Creek glacial system 
establishes that, at the Pinedale maximum, the Boulder Mountain 
uplands supported an extensive mountain ice cap flowing to the 
headlands of Germania Creek, the West Fork of the East Fork River, 
and Pole Creek. The association of late Pleistocene Glacier 
Peak - Set B tephra with glacio-lacustrine sediment establishes a 
minimum age of >11,250 yrs. B.P. for the Pinedale maximum in the 
Boulder Mountains, and a maximum age of <10,600 yrs. B.P. for 
recession of the Pole Creek Glacier. 
Geomorphic relations support the hypothesis that fan deposits 
in the East Fork River Valley and Lower Big Boulder Canyon were 
formed in a lacustrine environment. The proposed environmental 
reconstruction accounts for: 
1) the de~osition of massive, relatively pure tephra 
deposits with sharp upper and lower contacts; 
2) the coincidence of fan surface elevations, 'glacial' 
terrace elevations, and v~lley plug elevation; 
3) the extensive, recent down-cutting of fan deposits; and 
4) in Big Boulder Creek, the occurrence of elevated erratic 
gravel deposits and gravel floored outlet channels. 
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APPENDIX I - Volcanic Ash Sample Log 
Sample Designation: BBC-1 
Location: Bowery Creek Quadrangle- T9NR17E, Custer Co., Idaho; 
1.6 mi. (2.6 km.) west of the East Fork Road 
Exposure: road-cut alluvial fan 
Thickness: .3- .7 ft. (9.1 - 21.3 em.) 
Horizontal Extent: continuous over 40 ft. (12.2 m.) 
Bracketing Sediments: poorly sorted, sandy to blocky Challis 
volcanics 
Contacts; lower: 
upper: 
very sharp, planar 
sharp, planar 
Depth from Surface: 3.3 ft. (1.0 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs): 15.2 
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APPENDIX I (cont.) 
Sample Designation: BBC-2 
Location: Bowery Creek Quadrangle - T9NR17E section 9, Custer 
Co., Idaho; 1.4 mi. (2.2 km.) west of the East Fork 
Road 
Exposure: road-cut alluvial fan 
Thickness: 3.0 ft. (91.5 em.) max. 
Horizontal Extent: 15 ft. (4.6 m.) lens 
Bracketing Sediments: above; poorly sorted, blocky Challis 
volcanics 
below; rounded, granitic cobbles 
Contacts; lower: diffuse 
upper: moderately sharp 
Depth from Surface: 2.9 ft. (.89 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 13.5 
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APPENDIX I (cont.) 
Sample Designation: BBC-3 
Location: Bowery Creek Quadrangle - T9NR17E, section S9, Custer 
Co., Idaho; 0.9 mi. (1.4 km.) west of the East Fork 
Road 
Exposure: road-cut alluvial fan 
Thickness: 0.3 ft. (9.1 em.) 
Horizontal Extent: continuous over SO ft. (15.3 m.) 
Bracketing Sediments: above; moderately well-sorted Challis 
volcanics with discontinuous ash 
lenses 
Contacts; lower: 
upper: 
below; poorly-sorted Challis volcanics 
sharp, planar 
moderately sharp, wavy 
Depth from Surface: 14 ft. (4.3 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 65.2 
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APPENDIX I (cont.) 
Sample Designation: BBC-3b 
Location: Bowery Creek Quadrangle - T9NR17E, S9, Custer 
Co., Idaho; 0.9 mi. (1.4 km.) west of the East Fork 
Road 
Exposure: road-cut alluvial fan 
Thickness: 0.8 ft. (24.4 em.) 
Horizontal Extent: less than 4.0 ft. (1.2 m.) discontinuous 
lenses 
Bracketing Sediments: above; moderately well-sorted Challis 
volcanics 
Contacts; lower: 
upper: 
below; moderately well-sorted Challis 
volcanics and 0.3 ft. (9.1 em.) 
thick tephra layer 
moderately sharp, wavy 
moderately sharp, wavy 
Depth from Surface: 13.5 ft. (4.2 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 63.6 
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APPENDIX I (cont.) 
Sample Designation: BBC-4 
Location: Livingston Creek Quadrangle - T9NR17E, S9, Custer 
Co., Idaho; 0.3 mi. (0.5 km.) east of Livingston Mill 
Exposure: abandoned stream cut 
Thickness: 0.2 ft. (6.1 em.) 
Horizontal Extent: continuous over 20ft. (6.1 m.) 
Bracketing Sediments: moderately well-sorted Paleozoic 
metasediment and Challis volcanic pebbly 
sands 
Contacts; lower: 
upper: 
moderately sharp, planar 
moderately sharp, planar 
Depth from Surface: 3.5 ft. (1.1 m.) 
Correlative Cascade Ash: Mt. St. Helens - Set Ye 
Age: 3350 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 32.8 
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APPENDIX I (cont.) 
Sample Designation: BBC-5 
Location: Livingston Creek Quadrangle - T9NR17E, S9, Custer 
Co., Idaho; 0.9 mi. (1.4 km.) east of Livingston Mill 
Exposure: stream-cut alluvial fan 
Thickness: 0.3 ft. (9.1 em.) 
Horizontal Extent: continuous over 80 ft. (24.5 m.) 
Bracketing Sediments: poorly-sorted sandy to blocky Challis 
volcanics 
Contacts; lower: 
upper: 
sharp, planar 
sharp, planar 
Depth from Surface: 5.8 ft. (1.8 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 27.3 
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APPENDIX I (cont.) 
Sample Designation: EF-1 
Location: Bowery Creek Quadrangle- T9NR17E, Custer Co., 
Idaho; 16.7 mi. (27.8 km.) south of U.S. 93 
Exposure: road-cut in slope wash deposits 
Thickness: 0.2- 0.3 ft. (6.1 - 9.1 em.) 
Horizontal Extent: continuous in 15 ft. (4.6 m.) bed 
Bracketing Sediments: poorly sorted, angular, blocky Challis 
volcanics 
Contacts; lower: 
upper: 
sharp, planar 
diffuse 
Depth from Surface: 4.0 ft. (1.2 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 18.2 
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APPENDIX I (cont.) 
Sample Designation: EF-3 
Location: Potaman Peak Quadrangle, T9NR17E, Custer Co., Idaho; 
16.1 mi. (26.8 km.) south of U.S. 93 
Exposure: road-cut alluvial fan 
Thickness: 0.2- 1.5 ft. (6.1 - 45.7 em.) 
Horizontal Extent: 8 ft. (2.5 m.) lens 
Bracketing Sediments: poorly sorted, sandy to blocky Challis 
volcanics 
sharp Contacts; lower: 
upper: moderately sharp 
Depth from Surface: 4.0 ft. (1.2 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 18.2 
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APPENDIX I (cont.) 
Sample Designation: EF-8 
Location: Ziegler Basin Quadrangle, T10NR18E, Custer Co., Idaho; 
11.8 mi. (19.6 km.) south of U.S. 93 
Exposure: road-cut alluvial fan 
Thickness: 0.5- 3.1 ft. (15.2- 94.5 em.) 
Horizontal Extent: continuous over 50.0 ft. (15.3 m.) 
Bracketing Sediments: moderately well-sorted, fine to coarse 
grained Challis volcanics 
Contacts; lower: 
upper: 
sharp, wavy 
moderately sharp, wavy 
Depth from Surface: 11.0 ft. (3.4 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 51.5 
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APPENDIX I (cont.) 
Sample Designation: EF-11a, b, and c 
Location: Ziegler Basin Quadrangle, T10NR18E, Custer Co., Idaho; 
9.9 mi. (16.4 km.) south of U.S. 93 
Exposure: stream-cut alluvial fan 
Thickness: 2.3- 3.5 ft. (71.1 - 106.7 em.) 
Horizontal Extent: exposed over 40 ft. (12.3 m.) 
Bracketing Sediments: poorly sorted, sandy to blocky Challis 
volcanics 
Contacts; lower: 
upper: 
very sharp, planar 
sharp, planar 
Depth from Surface: a- 2.5 ft. (0.8 m.); b- 3.7 ft. (1.1 m.); 
c - 5.2 ft. (1.6 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 24.2 
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APPENDIX I (cont.) 
Sample Designation: EF-12 
Location: Ziegler Basin Quadrangle, T11NR18E, Custer Co., Idaho; 
6.4 mi. (10.6 km.) south of U.S. 93 
Exposure: road-cut slope wash deposits 
Thickness: 0.0 - 1.0 ft. (0.0 - 30.5 em.) 
Horizontal Extent: 8.0 ft. (2.5 m.) lens 
Bracketing Sediments: poorly sorted, sandy to pebbly Challis 
volcanics 
Contacts; lower: 
upper: 
sharp, planar 
moderately sharp, wavy 
Depth from Surface: 9.5 ft. (2.9 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 43.9 
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APPENDIX I (cont.) 
Sample Designation: EF-13 
Location: Bowery Creek Quadrangle, T9NR17E, SIS, Custer Co., 
Idaho; 17.5 mi. (29.0 km.) south of U.S. 93 
Exposure: road-cut slope wash deposits 
Thickness: 0.2- 0.3 ft. (6.1 - 9.1 em.) 
Horizontal Extent: continuous over 50 ft. (15.3 m.) in road-cut 
Bracketing Sediments: poorly sorted, sandy to blocky, angular 
Challis volcanics 
Contacts; lower: 
upper: 
diffuse, planar 
diffuse, planar 
Depth from Surface: 3.0 ft. (0.9 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 13.6 
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APPENDIX I (cont.) 
Sample Designation: SC-1 
Location: Livingston Creek Quadrangle, T10NR16E, Custer Co., 
Idaho; 2.8 mi. (4.6 km.) south of U.S. 93 
Exposure: road-cut slope wash deposits 
Thickness: 0.1 - 0.2 ft. (3.0 - 6.1cm.) 
Horizontal Extent: 15 ft. (4.6 m.) discontinuous bed 
Bracketing Sediments: poorly sorted, sandy to pebbly, angular 
Paleozoic argillite 
Contacts; lower: diffuse 
upper: diffuse 
Depth from Surface: 0.5 ft. (0.2 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 3.0 
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APPENDIX I (cont.) 
Sample Designation: SC-2 
Location: Livingston Creek Quadrangle, T10NR16E, Custer Co., 
Idaho; 4.0 mi. (6.6 km.) south of U.S. 93 
Exposure: road-cut slope wash deposits 
Thickness: 0.3 ft. (9.1 em.) 
Horizontal Extent: 2.0 ft. (0.6 m.) lens 
Bracketing Sediments: poorly sorted, sandy to blocky, angular 
Paleozoic metasediments 
Contacts; lower: 
upper: 
moderately sharp 
diffuse 
Depth from Surface: 6.5 ft. (2.0 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P; 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 30.3 
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APPENDIX I (cont.) 
Sample Designation: SC-4 
Location: Livingston Creek Quadrangle, T10NR16E, Custer Co., 
Idaho; 5.2 mi. (8.6 km.) south of U.S. 93 
Exposure: road-cut in colluvial deposits 
Thickness: 0.1 - 0.2 ft. (3.0- 6.1 em.) 
Horizontal Extent: continuous over 12ft. (3.7 m.) 
Bracketing Sediments: poorly sorted, sandy to blocky, angular 
Paleozoic metasediments 
Contacts; lower: 
upper: 
moderately sharp, planar 
moderately sharp, planar 
Depth from Surface: 9.3 ft. (2.9 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 43.9 
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APPENDIX I (cont.) 
Sample Designation: SC-5 
Location: Livingston Creek Quadrangle, T10NR15E, Custer Co., 
Idaho; 0.6 mi. (1.0 km.) west of the HooDoo Mine 
Exposure: road-cut colluvial deposits 
Thickness: 0.2 ft. (6.1 em.) 
Horizontal Extent: continuous over 25 ft. (7.7 m.) 
Bracketing Sediments: moderately well-sorted, sandy to pebbly, 
angular Paleozoic metasediments 
sharp, planar Contacts; lower: 
upper: moderately sharp, planar 
Depth from Surface: 3.5 ft. (1.1 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 16.7 
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APPENDIX I (cont.) 
Sample Designation: SC-6 
Location: Livingston Creek Quadrangle, T10NR16E, Custer Co., 
Idaho; 2.3 mi. (3.8 km.) south of U.S. 93 
Exposure: road-cut colluvial deposits 
Thickness: 0.0 - 2.0 ft. (0.0 - 60.1 em.) lens 
Horizontal Extent: 4.0 ft. (1.2 m.) lens 
Bracketing Sediments: poorly sorted, sandy to blocky, angular 
Paleozoic metasediments 
sharp Contacts; lower: 
upper: moderately sharp, wavy 
Depth from Surface: 1.9 ft. (0.6 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 9.1 
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APPENDIX I (cont.) 
Sample Designation: SC-8 
Location: Livingston Creek Quadrangle, T11NR16E, S33, Custer 
Co., Idaho; 2.1 mi. (3.5 km.) south of U.S. 93 
Exposure: road-cut in alluvial fan 
Thickness: 0.3 ft. (7.6 em.) 
Horizontal Extent: continuous over 25 ft. (7.7 m.) 
Bracketing Sediments: very poorly sorted, pebbly to bouldery 
granitic to dioritic talus 
Contacts; lower: 
upper: 
moderately sharp, planar 
diffuse, planar 
Depth from Surface: 1.4 ft. (0.4 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 6.1 
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APPENDIX I (cont.) 
Sample Designation: SpC-1 
Location: Ziegler Basin Quadrangle, T11NR19E, Custer Co., Idaho; 
4.0 mi. (6.6 km.) south of U.S. 93 
Exposure: stream-cut alluvial deposits 
Thickness: 0.3 ft. (7.7 em.) 
Horizontal Extent: continuous over 28 ft. (8.6 m.) 
Bracketing Sediments: moderately well-sorted, sandy Challis 
volcanics 
Contacts; lower: 
upper: 
moderately sharp, planar 
moderately sharp, planar 
Depth from Surface: 4.2 ft. (1.3 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 19.7 
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APPENDIX I (cont.) 
Sample Designation: SpC-2 
Location: Ziegler Basin Quadrangle, T11NR19E, Custer Co., Idaho; 
0.1 mi. (0.2 km.) north of the East Fork Road 
Exposure: stream-cut alluvial deposits 
Thickness: 0.4 ft. (12.2 em.) 
Horizontal Extent: continuous over 12 ft. (3.7 m.) 
Bracketing Sediments: moderately well-sorted, sandy to pebbly 
Challis volcanics 
Contacts; lower: diffuse 
upper: diffuse 
Depth from Surface: 1.8 ft. (0.5 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 7.6 
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APPENDIX I (cont.) 
Sample Designation: SpC-3 
Location: Ziegler Basin Quadrangle, T11NR19E, Custer Co., Idaho; 
0.2 mi. (0.4 km.) north of the East Fork Road 
Exposure: stream-cut alluvial deposits 
Thickness: 0.8 ft. (24.4 em.) 
Horizontal Extent: continuous over 80 ft. (24.5 m.) 
Bracketing Sediments: moderately well-sorted Challis sands 
sharp, planar Contacts; lower: 
upper: moderately sharp, planar 
Depth from Surface: 2.7 ft. (0.8 m.) 
Correlative Cascade Ash: Mazama 
Age: 6600 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 12.1 
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APPENDIX I (cont.) 
Sample Designation: SRC-1 
Location: Livingston Creek Quadrangle, T10NR16E, Custer Co., 
Idaho; along Jeep Trail, 0.4 mi. (0.7 km.) north of 
the Hermit Mine 
Exposure: road-cut in slope wash 
Thickness: 0.05 - 0.1 ft. (1.3- 3.0 em.) 
Horizontal Extent: continuous over 10 ft. (3.1 m.) 
Bracketing Sediments: moderately well-sorted Challis volcanic 
sands 
Contacts; lower: 
upper: 
moderately sharp, planar 
moderately sharp, planar 
Depth from Surface: 1.2 ft. (0.4 m.) 
Correlative Cascade Ash: Mt. St. Helens - Set S 
Age: 13,600-13,100 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 3.1 
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APPENDIX I (cont.) 
Sample Designation: BC-1 
Location: Bowery Creek Quadrangle, T8NR17E, S13, Custer Co., 
Idaho; along Bowery Creek trail, 0.5 mi. (0.8 km.) 
west of Bowery Creek Summit 
Exposure: stream-cut alluvium 
Thickness: 0.05 - 0.07 ft. (1.3 - 1.9 em.) 
Horizontal Extent: discontinuous bed over 40 ft. (12.3 m.) 
Bracketing Sediments: moderately well-sorted silty sands 
Contacts; lower: 
upper: 
sharp, wavy 
moderately sharp, wavy 
Depth from Surface: 2.7 ft. (.85 m.) 
Correlative Cascade Ash: Mt. St. Helens - Set Ye 
Age: 3350 yrs. B.P. 
Minimum Sediment Accumulation Rate (cm/1000 yrs.): 25.4 
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APPENDIX II - Core Section Stratigraphic Descriptions 
Thickness 
(em) 
2.0 
3.6 
3.3 
0.3 
3.5 
2.3 
6.4 
Stratigraphic Section PC-81-3 
Depth 
(em) 
59.7-61.7 
61.7-65.3 
65.3-68.6 
68.6-68.9 
68.9-72.4 
72.4-74.7 
74.7-81.1 
Fine Silt: dark grayish-brown 
(lOYR 4/2) mixed silt and 
organics 
Volcanic Ash: light gray 
(lOYR 7/1) to pale brown 
(lOYR 6/3) medium silt with 
flat, diffuse lower contact 
Volcanic Ash: brown (lOYR 5/3) 
to pale brown (lOYR 6/3) 
mottled ash and organics with 
gradational lower contact 
Volcanic Ash: white (lOYR 8/1) 
medium silt with very sharp 
lower contact 
Silty Peat: very dark brown 
(lOYR 2/2) to black (lOYR 2/1) 
dense organic-rich silt with 
lower contact 
Volcanic Ash: light brownish 
gray (lOYR 6/2) medium silt 
with sharp, wavy lower contact 
Silty Clay: very dark grayish 
brown (lOYR 3/2) and very 
dark gray (lOYR 3/1) organic-
rich clay and silt with 
moderately sharp lower contact 
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APPENDIX II (cont.) 
Stratigraphic Section PC-81-3 (cont.) 
Thickness 
(em) 
1.9 
1.6 
1.3 
5.1 
0.5 
13.4 
16.3 
9.7 
Depth 
(em) 
81.1-83.0 
83.0-84.6 
84.6-85.9 
85.9-91.0 
91.0-91.5 
91.5-104.9 
118.1-134.4 
141.0-150.7 
3.3 150.7-154.0 
2.0 154.0-156.0 
Volcanic Ash: light gray (lOYR 7/2) 
medium silt 
Peat: very dark brown (lOYR 2/2) 
dense organics with moderately 
sharp, irregular lower contact 
Volcanic Ash: light gray (lOYR 7/2) 
and dark grayish-brown (lOYR 4/2) 
mottled ash and organics with 
diffuse lower contact 
Peat: black (lOYR 2/1) dense 
organics with sharp, planar 
lower ·contact 
Volcanic Ash: light gray (lOYR 7/2) 
medium silt with sharp lower 
contact 
Peat: very dark gray (lOYR 3/1) 
and black (lOYR 2/1) dense 
organics 
Peat: black (lOYR 2/1) dense 
organics 
Peat: black (lOYR 2/1) dense 
organics 
Clay: very dark grayish-brown clay 
with sharp, \'lavy lower contact 
Fine Silt: light brownish-gray 
(2.5Y 6/2) fine silt with sharp 
lower contact 
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Thickness 
(em) 
10.1 
0.8 
2.0 
APPENDIX II (cont.) 
Stratigraphic Section PC-81-3 (cont.) 
Depth 
(em) 
156.0-166.1 
166.1-166.9 
166.9-168.9 
Fine and Medium Silt: light brownish 
gray (2.SY 6/2) fine silts dis-
tinctly banded with very thin 
(-.1 em) white (lOYR 8/1) to 
light gray (lOYR 7/1) medium 
silt; calcareous shell fragments 
concentrated along upper contact 
of medium silt bands 
Volcanic Ash: very pale brown 
(lOYR 7/3) medium silt with 
sharp, wavy lower contact 
Silty Peat: very dark grayish-brown 
(lOYR 3/2) to black (lOYR 2/1) 
silty organics 
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Thickness 
(em) 
1.8 
17.2 
20.8 
1.8 
11.4 
9.1 
2.8 
APPENDIX II (cont.) 
Stratigraphic Section SC-81-1 
Depth 
(em) 
45.7-47.5 
47.5-64.7 
69.9-90.7 
90.7-92.5 
92.5-102.8 
102.8-111.9 
111.9-114.7 
Peat: compacted plant fragments with 
gradational lower contact 
Fine Sandy Silts: locally derived, 
very dark gray (2.5& 3/0) 
organic-rich, sulfurour mud 
unconformity 
Silty Peat: black (7.5YR 2/0) 
organic-rich silt with abundant 
plant fragments; sharp, 
horizontal lower contact 
Volcanic Ash: white (lOYR 8/1) 
fine silt, unstratified 
Silty Peat: black (2.5Y 2/0) 
organic-rich fine silts ~ith 
rootlets and plant fragments 
common; gradational lower 
boundary 
Silt: black (2.SY 2/0) to dark 
gray brown (lOYR 4/2) organic 
mud; gradational lower boundary 
Silty Clay: dark grayish-brown 
(lOYR 4/2) organic-rich clay 
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Thickness 
(em) 
7.1 
1.5 
3.0 
4.8 
1.3 
11.0 
APPENDIX II (cont.) 
Stratigraphic Section SC-81-1 (cont.) 
Depth 
(em) 
116.8-123.9 
139.7-141.2 
141.2-144.2 
144.2-149.0 
149.0-150.3 
150.3-161.3 
Peat: black (2.5Y 2/0), dense, 
fibrous organics 
Volcanic Ash: light gray (lOYR 7/1) 
silt with indistinct, irregular 
lower contact 
Volcanic Ash: mottled very dark 
gray (2.5Y 3/0) organic-rich clays 
and light gray (lOYR 7/1) ash 
lenses with sharp, irregular 
lower contact 
Fine Silt and Clay: very dark gray 
(2.5Y 3/0) organic muds grading 
to very dark grayish-brown 
(lOYR 3/2) organic-rich fine 
silts with very irregular, sharp 
lower contact 
Volcanic Ash: very dark grayish-
brown (lOYR 3/2) 
Pebbley Sands and Silts: very dark 
gray (2.5Y 3/0) organic-rich fine 
sand and silt with scattered 
pebbles throughout; wood fragments 
at 160.4 to 161.3 em 
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APPENDIX III - Boulder Mountain Ice Modeling and Reconstruction 
Reconstruction of the Pinedale age ice mass in the Pole Creek 
drainage is a semi-quantitative approach to 1) infer from 
geomorphic features the extent of ice cover in the boulder 
Mountains east of Pole Creek and 2) resolve the probable source 
area and configuration of ice in the Pole Creek drainage. 
Reconstruction of the Pole Creek glacier is based upon the lateral 
and terminal limits of Pinedale age moraines as mapped by Williams 
(1961). Glaciologic flow theory (Nye, 1952, 1959; Pierce, 1979) 
is utilized to 1) quantitatively support the geomorphic evidence 
of ice cover in the uplands of the Pole Creek system and 2) assess 
the probability of ice flow across the low divide at the heads of 
Pole Creek and Grand Prize Gulch. 
Unlike the White Cloud Peaks immediately to the northeast, 
which rise to over 11,000 feet, the boulder Mountains only locally 
exceed 10,000 feet. Pole Creek, which heads at a low divide 
(8600') at the northeastern limit of the Boulder Mountain chain 
forms the only major topographic break in the mountainous uplands 
dividing the Salmon, East Fork of the Salmon (hereafter simply 
'East Fork'), and Wood River drainages. Glaciologic flow 
calculations were carried out to assess the probability of ice 
flow across the low divides separating 1) the Pole Creek and 
Germania Creek drainages, which flow to the Salmon and 'East Fork' 
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Rivers, respectively; and 2) Grand Prize Gulch and West Fork of 
the East Fork River. 
Basal shear stress (T), the difference between a force acting 
vertically downward and one acting normal to the ice surface is a 
measure of the downvalley sliding force applied to the base of an 
ice mass (Nye, 1959). Empirical studies of modern glaciers 
indicate that basal shear values fall within small limits (0.5 to 
1.5 bars) and tend to be relatively constant over small reaches of 
the ice mass. The reason for this narrow range of basal shear is 
summarized by Mathews (1967, from Pierce, p. 69, 1979): 
... it has been inferred that if the thickness or surface 
slope of an icesheet somehow became so great that basal shear 
stress greatly exceeded this fixed value ( 1.5 bars), the 
basal ice could be deformed so easily that the ice sheet 
would very rapidly spread out until its thickness or slope 
was significantly reduced. Conversely, if because of 
combination of thinness and flatness basal shear stress was 
very low, movement would virtually ~ until accumulation 
of more ice increased thickness or slopes or both, and these 
in turn increased the basal shear stress. 
The parameters which define the shape of any ice mass - ice 
thickness and surface slope - are precisely those factors which 
define basal shear stress for an icecap on a horizontal surface. 
The equation for basal shear determination, 
T = pgh(sin a) 
where: p = density of ice 
g = accel. due to gravity 
h = height of ice 
126 
a = ice surface slope 
can be utilized as an independent check of ice thickness and 
reconstruction of ice surface slope. 
The basal shear stress variables, h-height of ice above the 
valley floor and a-the ice surface slope, were defined by 1) 
downvalley and lateral limits of moraines and 2) evidence of ice 
scour in the uplands. Ice height surface slope, and shape factor 
determinations were obtained at 2000' intervals along Pole Creek, 
Grand Prize Gulch, and Upper Germania Creek. Because individual 
reaches are end to end, calculation of average basal shear stress 
for each 2000' interval simulates an integral calculation for the 
total icemass. The slope or thickness of ice of one reach cannot 
be varied without affecting the basal shear stresses of adjoining 
reaches. Calculated average basal shear stresses (T) are 
presented in Table 1; all values ofT consistently fall between 
.50 and 1.51, within the accepted range of values for modern 
glaciers (Patterson, 1969). 
Basal shear stress calculations for the system reveal that 
the hypothesized Pole Creek ice reconstruction conforms to the 
physical laws governing the flow of ice. Ice surface profiles of 
the Pole Creek system are shown in Figure A1. In both cases, the 
low divides at the heads of Pole Creek and Grand Prize Gulch are 
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TABLE AI 
Basal Shear Stress Calculations 
SHAPE DROP IN ICE SURFACE BASAL 
REACH 11 THICKNESS- h FACTOR(F) FEET SLOPE(a) SIN(a) SHEAR(T) 
1 600 .85 
2 700 .78 120 2.75 .048 .90 
3 700 .73 280 6.39 .111 1.51 
4 650 .73 300 6.84 .119 1.51 
5 880 .68 285 3.66 .064 1.03 
,.!.l 6 850 .70 160 3.20 .056 .90 Q) 
7 875 .78 140 3.66 .060 1.08 Q) H 8 710 .82 160 2.75 .048 .74 tJ 
...... 
Q) 9 725 .80 120 2.29 .040 .62 
N ...... 10 620 .84 100 4.57 .080 1.10 00 0 p.. 
11 500 .87 200 4.57 .080 .92 
12 250 .92 200 4.57 .080 .50 
13 160 .97 200 4.57 .080 .50 
14 600 .85 200 2.29 .040 .54 
15 610 .83 120 2.50 .043 .58 
16 840 .75 140 3.21 .056 .94 
17 940 .70 350 2.69 .047 .83 
18 1080 .67 350 2.69 .047 .91 
19 1120 .78 350 2.69 .047 1.10 
,.!.l 20 815 .83 400 4.57 .080 1.45 Q) Q) 21 850 .77 400 4.57 .080 1.40 H tJ 22 725 .78 350 2.67 .047 .71 l1i 23 450 .87 350 2.67 .047 .50 •rl s:l 24 550 .78 350 2.67 .047 .54 l1i fi 25 580 .77 200 4.57 .079 .94 Q) 26 620 .78 180 4.12 .072 .93 t.!l 
TABLE A1 
Basal Shear Stress Calculations 
SHAPE DROP IN ICE SURFACE BASAL 
REACH 1f THICKNESS- ]1 FACTOR(F) FEET SLOPE(a) SIN(a) SHEAR(T) 
1 600 .85 
2 700 .78 120 2.75 .048 .90 
3 700 .73 280 6.39 .111 1.51 
4 650 .73 300 6.84 .119 1.51 
5 880 .68 285 3.66 .064 1.03 
~ 6 850 .70 160 3.20 .056 .90 
Q) 7 875 .78 140 3.66 .060 1.08 Q) 
1-< 8 710 .82 160 2.75 .048 .74 u 
.... 
Q) 9 725 .80 120 2.29 .040 .62 
N ,...; 10 620 .84 100 4.57 .080 1.10 CXl 0 p.., 11 500 .87 200 4.57 .080 .92 
12 250 .92 200 4.57 .080 .50 
13 160 .97 200 4.57 .080 .50 
14 600 .85 200 2.29 .040 .54 
15 610 .83 120 2.50 .043 .58 
16 840 .75 140 3.21 .056 .94 
17 940 .70 350 2.69 .047 .83 
18 1080 .67 350 2.69 .047 .91 
19 l120 .78 350 2.69 .047 1.10 
~ 20 815 .83 400 4.57 .080 1.45 Q) 
Q) 21 850 .77 400 4.57 .080 1.40 1-< 
u 22 725 .78 350 2.67 .047 .71 
C'd 23 450 .87 350 2.67 .047 .so ·n 
t:: 24 550 .78 350 2.67 .047 .54 C'd 
e 25 580 .77 200 4.57 .079 .94 1-< 
Q) 26 620 .78 180 4.12 .072 .93 (.!) 
TABLE A1 (Continued) 
Basal Shear Stress Calculations 
SHAPE DROP IN ICE SURFACE BASAL 
REACH fF THICKNESS-h FACTOR(F) FEET SLOPE(a) SIN(q,) SHEAR(T) 
til 27 660 .70 160 3.66 .064 .79 
•r-i ~ 28 725 .64 80 1.83 .037 .90 ~ ClJ 
til ClJ 29 580 .66 100 2.29 .040 .41 e~ 30 500 .69 Inferred Germani a Creek Terminus ClJ (.!) 31 525 .73 
32 410 .83 100 2.29 .040 .47 
'0 ClJ 33 570 .79 300 6.84 .119 1.43 
~ N 34 580 .80 300 6.84 .119 1.48 
t-' til •r-i 
N H H 35 650 .70 300 6.84 .119 1.45 1.0 (.!)P., 
36 780 1.00 160 3.66 .064 1.33 
37 950 .76 140 3.21 .056 1.08 
til..C: 38 960 .71 100 2.29 .040 .73 ~ (.) 
39 950 .87 100 2.29 .040 .89 Cllr-f 
r-f ::l 40 980 .65 200 4.57 .080 1.36· tilt!l (.!) 
41 900 1.00 140 3.21 .056 1.35 
TABLE A1 (Continued) 
Basal Shear Stress Calculations 
SHAPE DROP IN ICE SURFACE BASAL 
REACH ff THICKNESS-h FACTOR(F) FEET SLOPE(a) SIN(~) SHEAR(T) 
ttl 27 660 .70 160 3.66 .064 .79 
or!~ 28 725 .64 80 1.83 .037 .90 ~ Q) 
ttl Q) 29 580 .66 100 2.29 .040 .41 El 1-l 
1-lU 30 500 .69 Inferred Germania Creek Terminus Q) 
(.!) 31 525 .73 
32 410 .83 100 2.29 .040 .47 
"0 Q) 33 570 .79 300 6.84 .119 1.43 
~ N 34 580 .80 300 6.84 .119 1.48 
... ttl or! 
N 1-l 1-l 35 650 .70 300 6.84 .119 1.45 \0 C!lP.. 
36 780 1.00 160 3.66 .064 1.33 
37 950 .76 140 3.21 .056 1.08 
ttl...C 38 960 .71 100 2.29 .040 .73 s:: t) 
.87 100 2.29 .040 .89 Q)..--l 39 950 
..-i ::l 40 980 .65 200 4.57 .080 1.36· ttlC!l (.!) 
41 900 1.00 140 3.21 .056 1.35 
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Figure Al. Reconstructed ice surface profiles of the Pole Creek glacial system showing 
computed ice thickness at the Grand Prize Gulch - East Fork drainage divide 
(above) a~d the Pole Creek - Germania Creek drainage divide (below) • 
shown to be ice-covered, serving as outlet troughs through which 
ice flowed from the Boulder Mountain uplands. 
An ice surface reconstruction for Upper Germania Creek, based 
upon topographic evidence and the height of ice on the Pole 
Creek-Germania Creek divide indicates that a Pinedale-age glacier 
may have extended six, or more, miles down Germania Creek. The 
Germania Creek profile represents a conservative, or minimum, 
estimate of the overall size of the reconstructed icemass. 
Morphologic elements used to define the shape of the glacier are 
of unknown age, but are assumed to be not older than Pinedale. 
Numerous elevated valley side deposits of unknown age and origin 
may prove to be glacially derived, in which case the downvalley 
limit of ice in Germania Creek would be greatly increased. 
Evidence for glaciation in the mountainous regions both east 
and west of the Stanley Basin·has been well documented by previous 
workers (Williams, 1961; Stewart, 1977). Ice sourced in the 
Sawtooth Range, west of the Stanley Basin, deposited extensive 
morainal deposits (relief >200') in the upper Salmon River Basin. 
Constructional features east of the Stanley Basin exhibit a very 
subdued relief (40-80'), in contrast to those to the west. 
Williams (1961) proposed a topographic effect to account for the 
contrasting depositional style and features of Sawtooth Mountain 
ice and Boulder Mountain ice, nothing that the ''biscuit-board 
topography" of the Boulder Mountains east of the Basin would not 
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support ice masses comparable to those developed in the rugged 
high peaks of the Sawtooth Mountains. 
The assumption of less extensive ice cover in topographically 
subdued areas does not apply in situations where the reconstructed 
equilibrium line altitude (ELA) lies well below the regional 
topography. In cases where the ELA lies below the upland 
surfaces, both regions will be equally capable of supporting ice, 
although accumulation rates will vary with differences in 
topographic shading and wind drifting of snow. 
ELA determinations for the Pole Creek glacial system, derived 
from 1) accumulation area ratio and 2) elevation of the upvalley 
limit of lateral moraines indicate that the subdued Boulder 
Mountain uplands (elevation ~600-9000 1 ) stood well above the ~8000 1 
ELA of Pinedale ice. 
Based on the previous discussion; 1) Reconstruction of a Pole 
Creek glacier fed only by valley ice does not fit the glaciologic 
flow constraints defined by Nye (1952, 1959, 1965). Calculated 
basal shear stress values consistently fall below 0.5 bars. 2) 
Three independent lines of evidence - topographic map 
interpretation, glaciologic flow calculations, and ELA 
determination - support the hypothesis of a mountain ice cap on 
the Boulder Mountain uplands during Pinedale time. 3) Glaciologic 
flow calculations indicate that the icemass occupying Pole Creek 
Canyon was a mountain ice cap outlet glacier, not a cirque fed 
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valley glacier. The 'Boulder Mountain ice cap' discharged both 
west, into the Upper Salmon River basin, and east, to the 'East 
Fork River' basin. 4) Reconstructed Pinedale-age ice limits, 
based upon the best estimate of ice deployment in the Boulder 
Mountains, are illustrated in Figure A2. 
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Figure A2. Reconstruction of the Boulder Mountain glacial 
system, based upon mathematical modeling, air 
photo interpretation, and field mapping. 
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